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Abstract 


The Origin of Agglomerates and their Role in Forming Near-Surface Glassy Fallout 
by 

Laurence Abed Lewis 

Doctor of Philosophy in Engineering - Nuclear Engineering 
University of California, Berkeley 
Professor Eric B. Norman, Chair 


One of the primary goals of fallout formation models is to predict the activity-size dis¬ 
tribution of the resulting fallout. However, these models rely heavily on empirical data from 
a limited set of testing environments. Furthermore, fallout formation is known to be sensi¬ 
tive to the emplacement environment, particularly in the case when the fireball incorporates 
larges masses of surrounding material, as in the near-surface burst. The fidelity of these mod¬ 
els in new and untested environments is not well constrained. As a result, there is a need to 
better understand the processes that control fallout formation. In near-surface bursts, the 
two primary processes that control radionuclide incorporation and the size distribution in 
fallout are condensation of species from the bomb vapor phase onto melts and agglomeration 
of melts to form larger melts. 

Historically, fallout formation models have ignored agglomeration in predicting both the 
activity-size and size distribution of fallout. However, attempts at building thermodynamic 
models of radionuclide fractionation in the fireball show poor agreement with experimental 
data. Many have hypothesized that this disagreement is due to agglomeration—the collision 
and accretion of smaller parcels of melt with larger parcels of melt, both of which have 
incorporated relatively different amounts of radionuclides and when the whole object is 
dissolved and analyzed, leads to a mixing effect between the two objects. Furthermore, fallout 
in surface tests is known to form by several different mechanisms, including a small particle 
population known to form as “primary condensates”, that is, primarily derived from the 
vapor phase of fireball, which includes high concentrations of vaporized device material and 
likely some concentration of vaporized soil. Primary condensates have been observed to form 
up to diameters of 20 /mi, within the range of the diameter of some observed agglomerates. 
As a result, it is also possible that some agglomerates observed in glassy fallout could be 
derived primarily from the fireball’s vapor term, instead of being composed primarily of 
a mixture of the surrounding soil, as has been previously observed in aerodynamic glassy 
fallout. 

Agglomerates are readily observed adhered to the exteriors of whole samples and agglom¬ 
erates incorporated into samples are observable in sample cross-sections due to a distinct 
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compositional interface between agglomerates and hosts. To determine the likely origin and 
role agglomerates play in forming aerodynamic glassy fallout, agglomerates and their host 
objects (the larger objects agglomerates are attached to) were studied starting with an initial 
population of 49 glassy fallout samples collected a similar distance from ground zero from 
a historic U-fueled U.S. nuclear test. After polishing to expose an internal cross-section, 
host objects and agglomerates in a subset of samples were characterized for major element 
composition using energy-dispersive X-ray spectroscopy (EDS) and for their U isotope ratios 
using secondary ion mass spectrometry (SIMS). Using these techniques, two datasets were 
collected. First, EDS analyses were used to characterize the major element composition 
across entire host objects (in 37 samples) and agglomerates (53 agglomerates in 15 samples) 
to compare the compositions between the two populations to determine if agglomerates 
are likely derived from similar melts relative to host objects. Second, EDS raster analyses 
were used to characterize the major element compositions within/adjacent to SIMS analysis 
craters to combine the U isotope ratio and major element composition and determine if ag¬ 
glomerates incorporated distinctly different amounts of radionuclides from the vapor phase 
in the fireball than hosts. These data sets were analyzed separately using two multivari¬ 
ate techniques: principal components analysis (PCA) and multidimensional scaling (MDS). 
PCA was used to determine the greatest sources of variance in the dataset and correlations 
amongst different major elements and the 235 U/ 238 U ratio. MDS was used to determine the 
compositional similarity between agglomerates and their host objects. Finally, quantified 
EDS maps and NanoSIMS rasters over compositional interfaces were used to determine the 
major element and U isotopic behavior across the different types of compositional interfaces 
observed between agglomerates and host objects in glassy fallout from this test. 

The size and frequency of agglomerates observed in samples occupies between 0 and 20% 
of a sample’s exposed cross-section, with samples exhibiting as few as 0 and as many as 
57 agglomerates, ranging in diameter from 5 to 855 jum. However, the majority of sam¬ 
ples have fewer than 20 agglomerates that occupy <10% of the exposed sample’s cross- 
section. Major element compositions of agglomerates are observed to be a subset of the 
range of major element compositions measured in the host objects, suggesting they were 
more throughly melted and are well-mixed, in contrast to host objects which often contain 
partially-melted/unmelted mineral compositions. Both agglomerates and hosts are bounded 
by compositions measured in unmelted soil, suggesting both the major element composition 
of both are controlled by the soil incorporated into the fireball. Furthermore, major element 
homogeneity is strongly correlated with U isotopic homogeneity, indicating bulk mixing is 
responsible for distributing anthropogenic U throughout the volume of melts and suggest¬ 
ing that agglomerates, which are more compositionally homogeneous than hosts, are also 
more uniform with respect to their U isotope composition than host objects. Major element 
compositions from EDS analyses show that agglomerates tend to have similar compositions 
to hosts, particularly to the hosts they are attached to. Specifically, 81% of agglomerates 
were measured to have more similar major element compositions to their hosts than 50% 
of all other characterized agglomerates and hosts. Combined U isotopic and major element 
compositions show that agglomerates tend to be approximately as similar to their hosts 
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when including U isotopic compositions. Specifically, 83% of agglomerates fall within the 
50th percentile in terms of similarity to their hosts when compared to all other character¬ 
ized agglomerates and hosts. Finally, two types of compositional interfaces are observed: 
an interface that tends to be enriched in CaO, MgO, FeO, and 235 U (“CaMgFe interfaces”), 
which has been studied previously in the literature, and a compositional interface that tends 
to only be enriched in Si0 2 (“Si interfaces”), which has not been noted in previous studies 
of fallout. 

The variation of the major element and U isotopic composition between samples suggest 
a highly heterogeneous fireball environment and starting melts. However, the compositional 
similarity between agglomerates and their hosts suggest individual glassy fallout samples 
forming and agglomeration occurring in localized regions within the fireball. Because ag¬ 
glomerates are more likely to have similar compositions to their hosts, they most likely 
formed from similar parcels of melt, which either homogenized locally within the fireball or 
did not travel far during the fallout formation process, starting once they were swept into the 
fireball, then incorporated radionuclides from the fireball’s vapor term, experienced agglom¬ 
eration, and then exiting the fireball and quenching. Furthermore, given that agglomerates 
and host objects incorporated similar amounts of species anthropogenic U from the vapor 
phase, they likely experienced similar fireball environments (he., were swept into the fireball 
at a similar time and temperature). While some samples are observed to be formed from 
a relatively large number of agglomerates (occupying at most «20% of the exposed cross- 
section of the sample) the trend towards compositional similarity between agglomerates and 
their hosts suggests the observed agglomerates do not appreciably alter the overall major 
element and U isotopic composition of samples. However, there are outliers. Several ~20 /jrri 
scale agglomerates in one sample are observed to be enriched in Si0 2 and highly enriched 
in 235 U relative to their host object and the statistical medians of the host population and 
combined agglomerate and host population. These agglomerates are possible candidates for 
being formed primarily from the vapor phase. However, their size and frequency are too 
small to appreciably alter the composition of the sample. 
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1.1 Observed size distribution from air-filter collections of debris from an air burst. 

Note the log x-axis and the approximately log-normal distribution, which is typ¬ 
ical for published observations of air burst fallout. This size distribution is from 
a 200 kT air burst and samples were collected 4 hours post-detonation from the 
stem of the debris cloud [14]. Data for the plot were extracted from Fig. 9 in 
Nathans et al. (1970) [14]. 

1.2 Size distribution (determined by mass) from a surface burst after Heft (1970) 

[27]. The x-axis has units of log of particle diameter in jum. The y-axis shows the 
relative weight each of the size fractions less than approximately 200 n m (each 
data point), which was used to determine the relative abundance of each of the 
size fractions in the “early cloud” log-normal distribution. Each point corresponds 
to a size fraction of fallout particles collected from air filter samples. The “local 
fallout” log-normal distribution is from ground collections from the same test 
and does not include data points, but only a curve representing the observed 
distribution. The existence of three distinct particle populations (specifically 
the population at the smallest size fraction, characterized by parameters 0 3 , x 3 , 
and cr 3 ) was confirmed using both specific activity data and size distribution data 
[27]. This convolution of multiple log-normal distributions from fallout collections 
is known as the “Heft distribution,” and is the basis for conventional fallout 
formation models and understanding of the formation of fallout size distributions. 
Local fallout is the population most influenced by the surrounding environment 
and has most intimately interacted with it. 

1.3 Typical pieces of ground glass (left) and aerodynamic glassy fallout (right). Note 

the change in scale bars between the two. Both are reflected light images. Ground 
glass is an example of trinitite from Eby et al. (2015) [35]. The bright, circular 
feature in the center of the aerodynamic glassy fallout is an artifact of the reflec¬ 
tion of the ring light from the optical microscope, highlighting how symmetric 
and spherical these objects are. 

1.4 Optical micrograph of agglomerated objects adhered to the exterior of sample 
FLD14, a piece of aerodynamic glassy fallout studied in this dissertation. The 
bright, circular feature in the center of FLD14 is an artifact of the reflection of 
the ring light from the optical microscope, highlighting the symmetry of the sample. 








1.5 Schematic of vapor and condensed phase processes, adapted from [5]. Incorporat¬ 

ing vaporized species into molten material involves multiple, reversible stochastic 
processes, such as: ( 1 ) diffusion through the vapor phase until colliding with a 
molten particle (at time £i), ( 2 ) some probability of condensing or rebounding 
from that particle, (3) if condensed, some probability of diffusing inward or evap¬ 
orating from that particle (which may be allowed to occur at some later time £ 2 )) 
and finally (4) diffusing and mixing inward (which may be allowed to occur at 
some later time £ 3 ). 

1.6 Schematic of Miller’s “go/no go” thermodynamic fractionation model for silicate 

bursts [20, 48]. The first phase of condensation is assumed to begin at 2500 K, the 
approximate boiling point of Si0 2 , the most refractory mineral in the idealized 
soil composition, and end at 1673 K. After, the molten soil quenches and the 
second phase of condensation begins, allowing more volatile species and other 
non-volatile species to deposit on the surface. 

1.7 Experimental data from Crocker et al. (1965) of fractionation measurements from 

the surface detonation Small Boy overlaid with model predictions [47, 50]. The 
plot shows fractionation of mass chain 89 (considered volatile) from mass chain 
95 (considered refractory) as a function of fallout size. The 95 mass chain is 
selected as the prototypical refractory mass chain and used in the denominator 
because the concentration of 95 Zr is observed to be approximately constant across 
the range of fallout dimensions, so variations in r 89)95 is primarily due to differ¬ 
ences in the 89 Sr concentration [4], A r 89)9 5 value of 1 indicates no fractionation 
between these two mass chains and that they are representative of the cumulative 
yields expected from fission. These data are plotted as a function of particle size 
(circles are analytical data, squares are averages), overlaid with predictions as¬ 
suming refractories become volumetrically-distributed (assumptions from Miller’s 
model) and the diffusion-limited approach from Norman and Winchell. While the 
diffusion-limited model matches the trend of the data, it is a poor fit. Freiling 
has speculated that this could be due to agglomerative effects, which both models 
ignore [23]. 






1.8 Calculations of fireball cooling for a 20 kT surface burst by Izrael after the time 

of second maximum [10]. The y-axis shows temperature in thousands of K and 
the x-axis shows time in seconds. The time axis starts at t = 1 s. For cooling at 
early times, Izrael adopts Storebo’s fireball cooling calculation for an air burst, 
assuming air entrainment at 3 m/s. Izrael includes the cooling effect of the 
addition of soil during Phase I (from «3-5 s), finding that it does not cool the 
fireball significantly from including no soil at all, so the surface burst and air burst 
cool similarly in this regime. At t«5 s (Phase II), a lag in cooling is predicted from 
the vaporized soil releasing energy into the fireball as it condenses. During Phase 
III, another lag in cooling is predicted from the molten soil releasing energy into 
the fireball as it quenches. The orange dashed line (curve A) is the calculated 
cooling curve from an air burst. Curves B and C (green and blue solid lines, 
respectively) differ in that Curve C assumes that chemical bonds are formed as 
the vapor condenses, releasing more energy into the fireball, adding to the cooling 
time delay. Curve B assumes the condensing vapor already exists as molecules. 
Adapted from [10]. 

1.9 Enrichment of 235 U, Ca, Fe at the compositional interface between an agglomerate 

and host object. Image on left is a backscatter electron micrograph of agglomer¬ 
ates Cl and C2 attached to sample C from [67]. The compositional interface of 
Cl is visible as a bright line separating Cl from Sample C. Plot on right shows 
the normalized isotope ratios of 44 Ca/ 30 Si, 54 Fe/ 30 Si, and 235 U/ 30 Si as measured 
by SIMS and normalized by their maximum values showing the traverse across 
the compositional interface of Cl (marked by the yellow arrow in the image). 
30 Si is used as the denominator in these isotope ratios as Si is relatively invariant 
across these compositional interfaces [67]. The peak occurs at the compositional 
interface between Cl and Sample C. In the plot, the agglomerate Cl is on the 
left of the peak and sample C is on the right of the peak. 

1.10 Compositional maps of Ca and Si, 239 Pu SIMS ion image, and autoradiograph 

showing co-location of Pu, radioactivity, and Ca in a thin section of trinitite from 
[58]. In the compositional maps and autoradiograph, higher brightness indicates 
higher intensity and the scale in the Pu ion images indicates number of counts. 
The autoradiograph primarily reveals a activity in the sample (assumed to be 
dominated by the a decay of 239 Pu). The black circular features in the Ca and 
Si maps are vesicles and the black region towards the bottom of the Ca and Si 
maps is epoxy. 
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1.11 Co-location of U isotopic enrichment with Ca concentration and gross radioac¬ 
tivity from [60]. Plot on left shows the 235 U/ 238 U ratio as a function of distance 
from the spherule’s center on sample U2. Note the logarithmic y-axis. Data are 
separated into SIMS measurements taken in the bright and dark regions of using 
the Ca X-ray compositional map in the inset. The higher Ca region is the bright 
region and is bounded by the dashed blue and solid red lines while the dark region 
contains less Ca is bounded by the solid red line and show a bimodal distribution. 
Regions denoted with hash marks within the bright region were excluded from 
this data subset. Uncertainties are 2cr. On the right are BSE (top; scale bar is 
500 jum) and autoradiography (bottom; brighter indicates more activity). 28 

2.1 Initial characterization and down-selection of hosts objects and agglomerates for 

further analyses. Samples were characterized by a variety of methods including 
EDS (for major elements), SIMS (for 235 U/ 238 U, 235 U/ 30 Si, and 235 U/ 42 Ca), and 
X-ray compositional mapping. For methods used to characterize each sample, see 
Table 2.1. 41 

2.2 Photograph of typical sediment from near ground zero. The sediment includes 
fine clays and minerals as well as larger, centimeter-scale gravels and volcanic 
clasts. The dark, glossy objects visible in the image are fallout glasses. The blue 
object in the bottom left of the image is the cap of a Sharpie pen, shown for scale. 

In this image, irregularly-shaped fallout glasses tend to be larger than the more 
symmetric fallout glasses (such as those to the right of the pen cap). 43 

2.3 Optical micrographs of intact glassy fallout samples. Top image shows samples 
AA.B, AE.C, and AG.D and bottom image shows samples AH.E, FLD9, and 
FLD10. These samples are elongated and all exhibit some agglomerates preserved 
on their exteriors. Sample FLD10 is distinct because of the lighter rocky region 

at its surface. FLD9 is the largest studied sample at over 7 mm in length. ... 44 

2.4 Optical micrographs of intact glassy fallout samples. Top image shows samples 

FLD11, FLD12, and FLD13 and bottom image shows samples FLD14, FLD15, 
and FLD16. FLD11 preserves evidence of the collision of multiple melts of similar 
dimension. FLD12 is notable for the preservation of unmelted dust and minerals 
surrounding its exterior. 44 

2.5 Optical micrographs of glassy fallout samples. Top image shows samples FLD17, 
FLD18, and FLD20, and U1A and bottom image shows samples FLD21, FLD23, 
and FLD25. These samples preserve agglomerates at their exterior. Sample 
FLD25 is much lighter in color (appearing grey) than the other samples (which 
tend to be darker and green hued). The surface of FLD18 is distinct as it appears 


matte instead of glossy (see also sample FLD15 in Fig. 2.4). 45 

2.6 Optical micrographs of glassy fallout samples. Top image shows samples FLD28, 

U1A, and U1B and bottom image shows samples U2, U3, and U4. These samples 
are highly reflective and symmetric, as evidenced by the reflection of the optical 
microscope’s ring lights visible on the surface of each sample. 45 
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2.7 Backscatter electron image of unpolished aerodynamic fallout glass associated 
with the samples of this study. Agglomerates, or accretion features, are readily 
visible and denoted with yellow arrows. Image provided by J. Wilkinson. Sample 

was not included in this study.. 46 

2.8 Schematic of mounting a sample in epoxy, polishing it to its approximate mid¬ 
plane, and coating it with a conductive layer of carbon (left). Sample holders are 
made of stainless steel or aluminum (photograph at right). The example image of 
a sample holder contains two unpolished samples, FLD12 and FLD13, and three 
unpolished U-bearing standard glasses that have been covered with epoxy and 
the epoxy cured overnight (the second step in the schematic on the left). The 
other machined holes are filled with epoxy but contain no samples or standards. 47 

2.9 Log histogram of samples’ equivalent diameters, calculated assuming the exposed 

cross-sectional area of the polished samples is circular. The vertical red line 
indicates the median diameter of the sample set. Due to the log x-axis, the 
histograms are of unequal width—there are 21 bins between 0.1 and 10 mm. . . 49 

2.10 Autoradiograph of all 49 samples taken as a single exposure. Red circles denote 

four U-bearing glass standards, illustrating the radiograph is dominated by (3~ 
activity in the fallout samples relative to the U (and other alpha-emitters) present 
at «10 ppm. The 235 U enrichment and U concentration for each of the standard 
glasses is noted. 52 

2.11 Maximum pixel value of the samples’ autoradiographs as a function of their equiv¬ 
alent diameter (note the log x-axis), including vesicles and any unmelted regions 
in the samples. There is an approximately linear trend with sample size, likely 
due to a corresponding increase in sample thickness and the relatively long mean 
free path of the /3 particles in silicate glasses. The five samples that deviate from 

the approximately linear trend in semi-log space are marked. 53 

2.12 Optical micrographs, backscatter electron micrographs, and false color autoradio¬ 

graphs of samples AA.B, AE.C, AG.D, and AH.E (previously analyzed by Weisz 
et al. (2017)). These samples all contain evidence for exterior agglomerates. 
Sample AE.C has a highly heterogeneous activity distribution while the activity 
distribution in AG.D is fairly uniform except in the high silica region on the left 
hand side of the sample (dark grey shade). Sample AH.E contains a large void 
space near the center. 54 

2.13 Optical micrographs, backscatter electron micrographs, and false color autoradio¬ 

graphs of samples FLD9, FLD10, FLD11, and FLD12. Samples FLD9, FLD10, 
and FLD11 are highly vesiculated and have irregular morphologies. A linear area 
of low activity in sample FLD12 the passes through the large center vesicle. Sam¬ 
ple FLD10 has a large region that shows little to no radioactivity, corresponding 
to unmelted or partially-melted rock. The top right of sample FLD11 appears 
lower in activity due to partial coverage by epoxy. 55 










2.14 Optical micrographs, backscatter electron micrographs, and false color autoradio¬ 

graphs of samples FLD13, FLD14, FLD15, and FLD16. Samples FLD13, FLD14, 
and FLD15 have few vesicles and highly symmetric, smooth surfaces and homo¬ 
geneous activity distributions. FLD16 retains irregular edges and several voids 
near one edge of the sample. 

2.15 Optical micrographs, backscatter electron micrographs, and false color autora¬ 

diographs of samples FLD17, FLD18, FLD20, and FLD21. Sample FLD17 has a 
large void near its center, while samples FLD18, FLD20, and FLD21 have fewer, 
smaller voids distributed throughout their cross-section. 

2.16 Optical micrographs, backscatter electron micrographs, and false color autora¬ 

diographs of samples FLD23, FLD25, FLD28 and FLD1. Sample FLD25 is the 
sample previously noted for its light, grey color and is relatively low in activity. 
Sample FLD23 has a large void at its center. In contrast, FLD21 has many large 
voids distributed throughout its cross-section. The bright regions in the BSE 
images of the void regions of FLD28 and FLD1 are due to charge build up during 
the SEM imaging. 

2.17 Optical micrographs, backscatter electron micrographs, and false color autora¬ 

diographs of samples FLD2-FLD4. The BSE image contrast for the three FLD3 
samples (FLD3.1, FLD3.2, and FLD3.3) are comparable because they are in a 
single holder. Similarly, the backscatter contrast for the four FLD4 samples 
(FLD4.1, FLD4.2, FLD4.3, and FLD4.4) are comparable. Sample FLD3.2 con¬ 
tains a low to no activity region corresponding to a large, rocky area that is likely 
unmelted. 

2.18 Optical micrographs, backscatter electron micrographs, and false color autora¬ 

diographs of samples FLD5, FLD6, and FLD7. The BSE image contrast for the 
five FLD5 samples are comparable because they are in a single holder. Similarly, 
the BSE image contrast for the six FLD6 samples are comparable. The FLD5 
samples are approximate spheres while the FLD6 samples, the smallest individual 
samples characterized in this study, are irregularly shaped, except for FLD6.1, 
the smallest sample characterized. 

2.19 Optical micrographs, backscatter electron micrographs, and false color autora¬ 

diographs of samples U1A-U4. Traverses of SIMS analyses are visible as artifacts 
in the optical images. These samples were previously analyzed and are further 
described in Lewis et al. (2015). 

2.20 Sample FLD10 before polishing. Note the dark green, glassy exterior and lighter- 

colored, rocky interior (denoted with the arrow). 

2.21 Histogram of the equivalent diameters of the initial suite of 49 glassy fallout 

samples (from Fig. 2.9) overlaid with samples downselected for further char¬ 
acterization by EDS (37 samples). Down-selected samples are approximately 
representative of the initial population of 49 samples. 
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2.22 Histogram of the equivalent diameters of the initial suite of 49 glassy fallout 
samples (from Fig. 2.9) overlaid with samples downselected for further char¬ 
acterization by SIMS (18 samples). Downselected samples are approximately 
representative of the initial population of 49 samples. 65 

3.1 The assigned agglomerate nomenclature are defined in this dissertation, based 

on agglomeration attachment location. The horizontal line denotes 50% of the 
agglomerate’s cross-sectional area, which is used to distinguish between “exterior” 
and “surface” agglomerates. Agglomerates with greater than 50% of their cross- 
sectional area outside the host are classified as exterior agglomerates. 70 

3.2 X-ray compositional maps of sample U3 for all elements showing surface agglom¬ 
erates and interior agglomerates. The Si enrichment and A1 depletion features are 
preserved at the compositional interface between agglomerates and hosts. The 
frequency of agglomerated objects is illustrated not just in the inset region, but 
generally surrounding sample U3. Arrows in the magnified A1 map (top right 
panel) mark these agglomerates. U3.1, a surface agglomerate characterized using 
both EDS and SIMS, is marked in the magnified A1 map in the top right panel. 

Maps have been independently adjusted in contrast and brightness to bring out 
relative compositional variation. 71 

3.3 X-ray compositional map of sample FLD17 for all elements in an area preserv¬ 

ing both surface agglomerates and interior agglomerates. The A1 depletion at 
the compositional interface between agglomerates and hosts is a consistent fea¬ 
ture. Arrows in the magnified A1 map (top right panel) mark these agglomerates. 
FLD17.int.2, an interior agglomerate characterized using both EDS and SIMS, 
is marked in the magnified A1 map in the top right panel. Maps have been inde¬ 
pendently adjusted in contrast and brightness to bring out relative compositional 
variation. 72 

3.4 Compositional map of sample FLD18 for all elements showing an interior ag¬ 

glomerate (FLD18.2). An Si enrichment and A1 depletion is preserved at the 
compositional interface between agglomerate and host. Maps have been inde¬ 
pendently adjusted in contrast and brightness to bring out relative compositional 
variation. 73 

3.5 A1 composition map of sample FLD23 showing surface agglomerates, some of 

which are shown in the insets. FLD23 also includes an agglomerate attached at 
the exterior (FLD23.L), visible on the left hand side of the A1 map. The black 
region in the center of the A1 map of FLD23 is a void and the black regions 
throughout the sample are likely partially-melted quartz grains. A1 maps have 
been independently adjusted to highlight compositional variation. 74 

3.6 BSE image of agglomerate FLD18.1 (left) and X-ray compositional maps showing 
no relative change in Si across the interface, a depletion of A1 across the interface, 
and characteristic enrichments of Ca and Fe across the interface. (The map for 

Mg is not shown, but it is also enriched at this interface.). 75 










3.7 A1 and Si X-ray compositional map of sample FLD4.3 showing interior agglom¬ 

erates, magnified shown in the insets. In the top of the inset, an agglomerate 
residing at the surface is also visible (FLD4.3.UA). SIMS analytical regions are 
visible in the insets as square features in the agglomerates and overlapping com¬ 
positional interfaces. Agglomerates are labeled in the Si inset. 76 

3.8 The cumulative sum of agglomerate cross-sectional areas (as a percent of the total 
sample area) as a function of the equivalent diameter of a sample (including both 
the host and agglomerates). There is a general lack of a correlation, demonstrat¬ 
ing that larger samples are not necessarily comprised of more agglomerates. Data 

are tabulated in Appendix A.l. 77 

3.9 The cumulative sum of agglomerate cross-sectional areas (as a percent of the 
total sample area) as a function of the number of identified agglomerates in 18 
samples. Two general trends are present: samples that have many agglomerates 
that cumulatively sum to account for a large percentage of the sample’s exposed 
cross-sectional area (e.g., samples FLD18, FLD23, CC, and U3), and samples that 
have few, relatively large agglomerates accounting for a large proportion of the 
total exposed cross-sectional area (e.g., samples FLD14, FLD5.4, and U4). The 
median total area occupied agglomerates in a sample is 5.7% and the median 
number of agglomerates identified in a sample is 8.5. Data are tabulated in 


Appendix A.l. 78 

3.10 Histogram of agglomerate equivalent diameters in 18 samples, colored by their 

location of attachment (n = 233; number of bins = 20). The median agglomerate 
diameter is ~48 /un. Data are tabulated in Appendix A.l. 79 

3.11 Histogram showing the size distribution of agglomerates down-selected for further 
characterization by EDS (n=53 in 15 samples; histogram has 20 bins). Note the 
log x-axis. Colors denote the location of the agglomerate as defined in the text 

and depicted in Figure 3.1. 81 

3.12 Histogram showing the size distribution of agglomerates down-selected for further 
characterization by SIMS (n=37 in 13 samples; histogram has 20 bins). Note the 
log x-axis. Colors denote the location of the agglomerate (Figure 3.1). The axes 

are the same as in Figure 3.11 to allow for comparison between the two plots. . 83 

4.1 Electron transitions leading to common characteristic X-rays from the K, L, and 
M shells. Adapted from [93]. All major elements in this dissertation rely on 
quantifying the K a transitions. 87 
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4.2 A typical EDS spectra from a glassy fallout sample (FLD10) in the range of 
0-7.5 keV. Note the log scale on the y-axis. Characteristic X-rays of elements 
characterized in this study are noted in red. The K a peaks are fit and quantified 
after the X-ray continuum has been fit and subtracted. This analysis was taken 
with the standard operating parameters described in the text. The widths of the 
peaks are due to the energy resolution of the spectrometer, which is relatively 
poor compared to the natural linewidth of characteristic X-ray emission (ps 2 eV 


for Ca at FWHM) [92]. 88 

4.3 Secondary electron image of a grid of EDS rasters (yellow boxes with green labels 
as identifiers) collected on sample FLD25 at a magnification of 150x. Rasters 
were manually drawn and are approximately 10-15 n m across the diagonal. ... 92 


4.4 Histograms showing the EDS analyses deviations from the literature values [97] 
and the standardized EPMA measurements [68]. On BCR-1, 90 ~10 /irn raster 
EDS analyses were collected using the operating conditions described in the text 
(Table 4.3). Individual uncertainties are not shown to highlight the systematic 
bias of the ZAF quantification scheme. Note that the standardized EPMA anal¬ 
yses and BCR-1 literature values do not agree (within lcr, see Table 4.1) for A1 
and Fe: the EPMA systematically measures a higher A1 concentration and lower 
Fe concentration. Inaccuracies between the EDS and measured EPMA values or 
literature values are within 10%, except for Ca and Ti. One possibility for the 
deviation from the literature values is that BCR-1 was provided as a powder and 
then fused into glass at LLNL, which may have slightly modified the composition. 93 

4.5 Variation of Na EDS measurements (as elemental wt.%) as a function of raster 
diameter on BCR-1. The first points are “spot” analyses (ie., not rasters) and 
are arbitrarily set to 1 /im, but are likely smaller. Rasters are hand-drawn and 
circular, which leads to the slight variation in raster diameters (measured later 
using ImageJ) [86]. The dashed line is the BCR-1 literature value for the Na 
composition in wt.% and the gray band is its lcr uncertainty. Data are tabulated 

in Table E.2 in Appendix E. 95 

4.6 Schematic detailing how compositions of SIMS analytical regions were measured 
with EDS rasters. When the topography of the SIMS crater was shallow and 
wide, EDS rasters were placed directly in the analytical crater to measure its 
composition. Otherwise, EDS rasters were collected adjacent to the SIMS crater. 96 

4.7 Relative same spot variation of Na and K from successive EDS rasters over the 

same region for BCR-1 (on left) and a representative example of glassy fallout 
from sample FLD10 (on right). Na and K compositions are normalized to the first 
measurement in the raster sequence (“Raster 1”). Uncertainties are lcr. BCR-1 
does not appear to volatilize Na under the operating conditions described in the 
text, while some analyses in fallout volatilized Na. Neither BCR-1 or fallout was 
observed to volatilize K in overlapping raster analyses. Data are tabulated in 
Table E.l in Appendix E. 
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4.8 Comparison between a BSE image (top) and A1 X-ray compositional map (bot¬ 

tom) of the same location at the periphery of sample U3. The compositional 
interfaces of surface agglomerates are more visible in the A1 X-ray compositional 
map. 98 

4.9 Examples of A1 compositional X-ray maps of select samples. These types of 
maps are used to identify agglomerates and qualitatively characterize textures and 
morphology in cross-sections of fallout. Examples of features common in fallout 
cross-sections such as agglomerates, vesicles, flow-banding, and high Si0 2 regions 
(unmelted or partially-melted quartz) are noted. Agglomerates characterized in 

this study are also noted. 99 

4.10 Kernel density estimates of the host compositions measured with EDS for this 

study (data tables in Appendix B). Fifty-four analyses are excluded from this 
figure to allow the peaks of the distributions to be easily viewed and compared 
to other major element oxides (see text for discussion). The green band denotes 
the mean ± 2a of 81 ICP-MS analyses of wholly dissolved pieces of fallout from 
this test [100]. The bar in the top left of each plot shows the mean analytical 2a 
uncertainty for a single representative EDS measurement for that major element 
oxide. 103 

4.11 Histogram showing the average host object composition overlaid with the host 

KDE from Figure 4.10. The maximum of each KDE has been scaled to match the 
maximum of the histogram in each panel. The binwidth for each major element 
is the same as the bandwidth for the KDE (as noted in the text). The third peak 
in the CaO KDE is due to the large percentage of EDS grid analyses («19% of 
the total) that were performed on samples with average CaO concentrations >3 
wt.%. While the majority of samples have similar average compositions, there are 
notable outliers in the FeO, K 2 0, and Al 2 03 panels. Average host compositions 
are tabulated in Table 4.6 and the EDS raster data used for the host KDEs are 
tabulated in Appendix B. 105 

4.12 Ca map of sample U2, A1 map of sample FLD25, and BSE image of sample FLD3.2 
highlighting outlying compositional regions in each of these samples. The outlying 
compositional regions in U2 and FLD25 are glassy, while the outlying composition 
in FLD3.2 contains unmelted and partially-melted mineral textures and is highly 
vesiculated. The outlying compositions correspond to the low activity regions in 
the autoradiographs of U2 and FLD25 autoradiographs (Figures 2.19 and 2.16) 

and the region nearly devoid of activity in FLD3.2 (Figure 2.17). 109 

4.13 Smoothed histograms of the host compositions (shown in grey; data tabulated 

in Appendix B) with overlaid histograms of average compositions of individual 
agglomerates (shown in red; data tabulated in Table 4.8). Distributions of ag¬ 
glomerate compositions largely overlay host compositions. CaO appears more 
unimodal, likely because agglomerates are more well-mixed.110 
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4.14 Histograms (bin width = 10%) showing the percent deviation of the average 
composition of each of the 58 agglomerates from their respective average host 
compositions. The vertical red line denotes the median deviation in each panel. 
The dashed vertical line denotes 0% deviation. While there are large deviations 
across the agglomerate population, the median values for each major element 
oxide are close to 0, with MgO having the greatest average deviation of +10.4% 
and CaO having the next greatest deviation at +6.1%. Medians are used in¬ 
stead of means to minimize the influence of outliers on the overall compositional 


deviation. Data are tabulated in Table 4.9. 115 

4.15 Compositional maps of a portion of sediment.The largest phases are tentatively 
identified based on composition. The porous, fine grained matrix contains many 
smaller minerals that are relatively enriched in Si, Al, Ca, and Fe. 119 


4.16 Si compositional maps showing regions in FLD10 that transition from unmelted 

to glassy. Inset Si X-ray map locations are shown by the green and white boxes 
in the BSE image, optical image, and autoradiograph. The scale bar corresponds 
to both inset Si maps. Both the glassy and partially-melted regions contain 
radioactivity, while the unmelted region contains no radioactivity.. 121 

4.17 A BSE image and corresponding Si, Al, Na, Ca, and Fe compositional X-ray maps 
of a region on sample FLD10 showing an unmelted to glassy transition. In the 
unmelted region (top right corner of each panel), minerals in the Si compositional 
map retain sharp boundaries and are fairly evenly distributed. In the partially- 
melted region (center of each panel) the boundaries of Si0 2 -rich objects become 
diffuse. Compositional flow-banding (visible in the Ca compositional X-ray map) 
indicates the viscous flow of partially-melted minerals. The glassy region (bottom 
left of each panel), is compositionally well-mixed. The flow-banding direction in 
the glassy and partially-melted regions run transverse to the unmelted boundary. 
Compositional interfaces, such as those used to identify agglomerates, are absent. 123 

4.18 Bivariate plot of AI 2 O 3 vs. Si () 2 showing EDS analyses of host objects, agglom¬ 
erates, unmelted soil, and partially-melted/unmelted compositions from sample 
FLD10 (left panel) and a density plot of these same analyses with outlying 
compositions and feldspar and quartz endmembers marked (right panel). All 
of the agglomerate measurements and the majority of host, soil, and partially- 
melted/unmelted FLD10 measurements lie on a mixing line between quartz (100% 

Si0 2 ) and an Al-rich, Si-poor composition, likely feldspars. Soil and partially- 
melted/unmelted compositions in FLD10 appear to overlap the host and agglom¬ 
erate compositions because the feldspar endmembers plot along a single band 
between anorthite and quartz. While the majority of compositions are densely 
clustered, reflective of a high degree of compositional homogeneity, the high den¬ 
sity region is again stretched between the feldspar endmembers and quartz, sug¬ 
gesting mafic compositions contribute only a minor component of the precursor 
minerals that mixed to form the glassy host objects and agglomerates (right 
panel). Data are tabulated in Appendices B, C, and D. 124 
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4.19 Bivariate plot of CaO vs. Si0 2 showing host analyses, agglomerate analyses, soil 

analyses, and the partially-melted/unmelted compositions from sample FLD10 
(left panel) and a density plot of these same analyses with outlying compositions 
and feldspar and quartz endmembers marked (right panel). All high Ca compo¬ 
sitions measured in the host objects are bounded by soil compositions as well, 
suggesting that host object and agglomerate CaO and A1 2 0 3 compositions can 
be well explained as a mixture of minerals originating from the soil. Data are 
tabulated in Appendices B, C, and D. 125 

4.20 Bivariate plots of Na 2 0 + K 2 plotted vs. A1 2 0 3 showing host analyses, agglomer¬ 
ate analyses, soil analyses, and the partially-melted/unmelted compositions from 
sample FLD10 (left panel) and a density plot of these same analyses with outlying 
compositions and feldspar and quartz endmembers marked (right panel). Ortho- 
clase, anorthite, and quartz form the vertices of a triangle that bound almost all 
measured compositions. The soil analyses and partially-melted/unmelted com¬ 
positions from FLD10 bound the agglomerate and host object analyses, which, 
due to mixing of mineral compositions, cluster within the interior of the triangle. 

While the soil analyses span A1 2 0 3 concentrations from 0 wt.% to ~30 wt.%, the 
partially-melted/unmelted compositions from FLD10 are restricted to A1 2 0 3 con¬ 
centrations less than ~20 wt.%, consistent with the majority of the agglomerate 
and host object compositions, possibly because these EDS raster analyses were 
conducted in a grid-based pattern and the rasters may have overlapped multiple 
mineral compositions. Data are tabulated in Appendices B, C, and D. 127 

4.21 Plots of alkali concentrations (in oxide weight %) from the average composition 
of hosts and agglomerates (taken from Tables 4.6 and 4.8) as a function of the 
inverse equivalent radius of the object (calculated from its area exposed in cross- 
section). Uncertainties are lcr of the mean alkali concentration for each object. 

The horizontal line and and yellow band correspond to the mean concentration of 


each of the alkali oxides in six ICP-MS dissolution analyses of bulk soil samples 
and lcr about this mean, respectively [100]. 128 

5.1 A schematic of a double-focusing SIMS instrument with a single detector. Two 

of the instruments in this study, the C AMEC A NanoSIMS and the C AMEC A 
IMS-1280, use multiple detectors that collect ions simultaneously. Adapted from 
[107]. 134 

5.2 A schematic of the sputtering process and the a collision cascade.137 

5.3 Plot of positive secondary ion yield vs. atomic number from bombardment with 

an O - beam. Shading of the points correspond to their ionization potential in 
eV (I.P. in the legend). Lines connect elements from the same row in the periodic 
table. Adapted from [115]. 137 

5.4 Schematic of an ion from the sample striking the conversion dynode of an EM, 

creating an electron cascade. Reproduced from [60]. 140 
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5.5 Mass resolving power required to resolve three common isobaric interferences: 
dimers, hydrides, and monoxides. The horizontal band denotes the approximate 
range of mass resolving powers used in this study. Plot adapted from [117]. . . . 143 

5.6 SIMS measurements of the 235 u/ 238 U ratio on CAS-53-500 (top left) and «350 

ppm U500 standard (the remaining plots) from all SIMS sessions between 2012- 
2017 in reverse chronological order. LANL’s analysis of the ~3500 ppm U500 
standard during the analytical campaign on their IMS-1280 in 2012 is detailed in 
[60]. For all plots, the blue dashed line and blue band are the mean and 2SEOM 
of the SIMS measurements, respectively. The red line and band are the mean and 
2SEOM band of three ICP-MS measurements on each of the standard glasses. For 
the U500 plots, the y-axis is the same to ease comparison between results from 
the U500-doped glasses with two different concentrations. Data are tabulated in 
Appendix F. 146 

5.7 Electron images of craters created by the three different SIMS instruments used 
in this study: the IMS-3f (left; SE image), IMS-1280 (middle; SE image), and a 

15 /m i square raster from the NanoSIMS (right; BSE image). 148 

5.8 High resolution mass scan about mass 251 ( 235 U 16 0~) from a standard glass not 
used in this study. High resolution scans throughout an analysis use the slope 
and heights of either side of the peak to locate the approximate center of the 
peak, which the software considers the number of counts of particular ion. Due 
to slight drifts throughout the run, small variations in the noise on the peak top 
are averaged out. In this study, drift was much typically only a few percent of 

the full peak width. 149 

5.9 The 235 u 16 o/ 238 U 16 0 ratio (left) and 235 U 16 0/ 42 Ca ratio for each cycle from 
a NanoSIMS analysis on sample FLD23. The horizontal dashed lines are the 
mean of all cycles. Note the 235 U 16 0/ 238 U 16 0 ratio deviates little from the mean 
between the first and last cycle, but the 235 U 16 0/ 42 Ca ratio takes tens of cycles 
to approach sputtering equilibrium. In this analysis, all cycles were included 
when calculating the U isotope ratio. However, the 235 U 16 0/ 42 Ca ratio is still 
increasing between cycles, even in the last few cycles. The red box indicates how 
the cycles were subset to calculate the 235 U 16 0/ 42 Ca ratio for this run. Because 
the 235 U 16 0/ 42 Ca ratio is still slightly increasing from cycle to cycle, this may 


lead to an underestimation of the concentration of U. 153 

5.10 Flow diagram of processing steps in calculating isotope ratios from entire NanoSIMS 

rasters in L’lMAGE. Isotope ratios are tabulated in Appendix F.154 

5.11 Example of NanoSIMS ion images ( 30 Si + , left; 42 Ca + , right; scale bar is 2 /j,m) 

from sample FLD23, where pixel intensity represents the total number of counts 
in that pixel summed over all cycles. The white box is the user-defined ROI, 
drawn to exclude edge effects. 154 
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5.12 Plot of counts versus cycle for 235 u 16 0 + and 238 u 16 0 + (left; note the log scale) 

and the resulting 235 u/ 238 U ratio for each cycle (right) from a NanoSIMS analysis 
on sample FLD23. The grey box on the isotope ratio plot shows how the data 
were subset, removing the first 10 cycles. The dashed line is the average ratio of 
the subset cycles. While the number of counts increases for both ions from cycle 
to cycle, their growth is proportional: the resulting ratio (right panel) shows little 
drift when considered over many cycles, unlike like the plot of counts (left panel). 
Uncertainties in both plots are lcr. 155 

5.13 Plot of the 235 U 16 0 + / 42 Ca + and 238 U 16 0 + / 42 Ca + for each cycle (left panel) and 

the same ratios divided by their average from cycle 100-200 (right panel) from 
a NanoSIMS analysis on sample FLD23. The grey boxes in each plot shows 
how cycles were subset (removing the first 100 cycles). The dashed line on the 
left plot denotes the average ratio of the subset cycles. Cycles were subset to 
minimize the cycle-to-cycle drift of 235 U 16 0 + / 42 Ca + . This criterion was applied 
to the 238 U 16 0 + / 42 Ca + ratio as well. While the ratio increases for both ions from 
cycle to cycle (left plot), their growth is proportional (right). Uncertainties in 
both plots are lcr. 156 

5.14 Plot of 235 U 16 O + / 30 Si + and 235 U 16 0 + / 42 Ca + for each cycle (left plot) and the same 
ratios divided by their average from cycle 100-200 (right plot) from a NanoSIMS 
analysis on sample FLD23. Note the log scale on the left plot. The grey box 
on the right plot shows how this analysis was subset for U/major element ratios, 
removing the first 100 cycles. While cycles were subset based on the cycle-to- 
cycle drift of 235 U 16 0+/ 42 Ca+, the subset was also applied to the 235 U 16 O+/ 30 Si+ 
ratio as well. The values for all ratios increase from cycle-to-cycle (left plot) and 
increase at different rates initially (right plot, cycles<100) and their behavior from 
cycle 100-200 is similar (right plot). In individual cycles, the U/major element 
ratio is similar, implying that the ratio is largely controlled by fluctuations in 
the number of 235 u 16 0 + counts in a particular cycle. Given that the 235 U 16 0 + 
counts were typically much smaller than the number of counts in isotopes from 
the major elements, relatively small fluctuations in U counts may lead to non- 
negligible deviations in the overall ratio. Uncertainties in both plots are lcr. . . 156 

5.15 235 U 16 0 + / 42 Ca + image of the interface between interior agglomerate U1B.L and 

sample U1B (left panel) with the resulting extracted 235 U 16 0/ 42 Ca line profile 
(right panel). Points in the line profile were sampled in 1 pm intervals. The 
profile was smoothed with a 20 pixel width and starts in the bottom right (at 
x — 0) of the image and moves across the image to the top left. The compositional 
interface separates U1B.L (interior agglomerate; right hand side of the raster) 
and U1B (the host object; left hand side of the raster). Data are tabulated in 
Appendix K. 
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5.16 Backscatter electron images of NanoSIMS rasters from U isotope analyses of 

a large agglomerate (FLD14.L in sample FLD14, equivalent diameter of «850 
jum; shown in top right BSE image) and small agglomerate (FLD18.1 in sample 
FLD18, equivalent diameter of ~60 /irn, shown in top left BSE image). Both are 
exterior agglomerates. The bottom image is an A1 compositional map of sample 
FLD14. 158 

5.17 Histogram of all SIMS measurements of 235 u/ 238 U ratios in fallout from this test 
(top plot). The red vertical line denote the median of the measurements. The bin 
width is 0.50. The bottom plot shows a cumulative distribution function of these 
data. The inter-quartile range, encompassing the central 50% of all measurements 
(all measurements between the 25th and 75th percentile), lie between 235 u/ 238 U 
ratios of 3.30 and 5.94, corresponding to approximate 235 U enrichments of 77% 

to 86%. Data are tabulated in Appendix F. 160 

5.18 Histogram of all SIMS measurements with measurements on samples U2 and 
U3 separated into the blue histogram (top plot) and the cumulative distribution 
function showing all U isotope measurements (in black, as in Figure 5.17) com¬ 
pared with the cumulative distribution function of all U isotope measurements 
if SIMS measurements on samples U2 and U3 are excluded (bottom plot). Data 

are tabulated in Appendix F. 161 

5.19 False color compositional maps of samples U2 (left) and U3 (right) where each 
of the RGB channels shows a different composition. For sample U2, red shows 
Ca, green shows K, and blue shows Si. These elements were selected to high¬ 
light the compositional differences between the two distinct regions. For sample 
U3, red shows Ca, green shows Al, and blue shows Si. These elements were se¬ 
lected to highlight the agglomerates present at the periphery of the sample, as 
well as partially-melted mineral compositions. The greener regions in U3 contain 
many partially-melted quartz grains, which appearing as blue shapes with regular 
boundaries in the composite image. The yellow squares and white circles corre¬ 
spond to IMS-1280 and IMS-3f measurements, respectively, where the 235 U/ 238 U 
ratio reflects a dominant natural U contribution, assuming a two component mix¬ 
ing between natural and enriched U end-members (see text). Data are tabulated 

in Appendix F. 164 

5.20 235 U/ 238 U measurements in each sample (includes measurements of agglomerates, 

hosts, and over interfaces). Bulk refers to dissolution-based ICP-MS measure¬ 
ments of whole samples of glassy fallout from Eppich et al. (2014). The range 
of bulk U isotope measurements is also shown by the partially-transparent box. 
Summary statistics for this plot are given in Table 5.9. Data are tabulated in 
Appendix F. 165 
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5.21 Three isotope plots of 234 U/ 238 U vs. 23 5u/ 238 U (top panel) and 23 6u/ 238 U vs. 
235 U/ 238 U (bottom panel) from SIMS measurements in fallout. Red points cor¬ 
respond to the three measurements performed in agglomerates or over interfaces. 

There were 172 SIMS measurements of 234 U in nine samples, five of which were 
analyzed in 2013 and three of which were analyzed in 2015. There were 106 SIMS 
measurements of 236 U in five samples, all of which were analyzed in 2013. All three 
agglomerate/interface SIMS measurements follow the strongly linear trend of the 
host measurements, indicating agglomerates incorporated enriched and natural 

U end-members similarly to host objects. Data are tabulated in Appendix F. . . 166 

5.22 Histogram of 235 U/ 238 U measurements separated out into whether they were per¬ 
formed in an agglomerate (including overlapping compositional interfaces) or in 
the host objects (top plot). The bottom plot shows two cumulative distribution 
functions comparing the host and agglomerate 235 u/ 238 U distributions. There 
are no 235 u/ 238 U measurements in the agglomerates below ~3.68, while approxi¬ 
mately 39% of all the host measurements fall below this value. Data are tabulated 


in Appendix F. 169 

5.23 An A1 compositional map showing agglomerates FLD23.L, FLD23.3.1, and FLD23.3.2 
in sample FLD23. Agglomerate FLD23.3.2 is bound by the host and FLD23.L, 
so it must have collided with FLD23 prior to the agglomeration of FLD23.L. . . 172 


5.24 235 U/ 238 U isotopic measurements separated by sample and location of measure¬ 
ment (n=302). Different markers refer to whether isotopic measurements were 
performed in the host, in an agglomerate, or overlapping a compositional inter¬ 
face between a host and agglomerate. Analyses over interfaces (blue triangles) 
are included when calculating agglomerate compositions. Data are tabulated in 


Appendix F. 173 

5.25 Histogram showing the deviations of the mean U isotope composition of each 
agglomerate from the mean U isotope composition of its host. Bins are 10% 
wide. The vertical line denotes the median deviation of 0.4%. Data are tabulated 
in Table 5.10. 174 


5.26 Plot of average 235 U/ 238 U ratio versus equivalent diameter for 35 different ag¬ 

glomerates characterized with SIMS. Shape and color refer to the location of the 
agglomerate (attached at the exterior, bounded by sample and the sample’s sur¬ 
face, or fully incorporated into the sample; Figure 3.1). Data are tabulated in 
Table 5.11. 176 

5.27 Major element compositions measured by EDS of within/adjacent to SIMS anal¬ 

ysis craters (diagram shown in Figure 4.6) compared with the host KDEs (Figure 
4.10). The deviation in the Na 2 0 measurements is likely due to the topography 
of the SIMS craters and/or Na volatilization during the SIMS analysis, and while 
reported in Appendix G, are not included in any analysis of the combined major 
element/U isotopic composition dataset in this dissertation. Data are tabulated 
in Appendix G. 
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5.28 SE image showing how EDS rasters were collected to measure the composition 

within (left image) or adjacent to (right image) a SIMS analysis crater (data 
shown in Figure 5.29). The left panel shows three successive, overlaid rasters the 
right panel shows three EDS rasters adjacent to a SIMS analysis crater in the host 
of U1A from a IMS-1280 analysis. A combination of these approaches were used 
to characterize the composition of the regions analyzed with SIMS depending on 
the topography of the SIMS analytical crater (as shown in Figure 4.6). Although 
reported in Appendix G and not used for analysis of the combined major ele- 
ment/U isotopic dataset in this dissertation, if the analyzed region within the 
SIMS crater from successive, overlapping EDS raster analyses volatilized Na 2 0 
from analysis to analysis, the first Na 2 0 composition was used as the measured 
value with the reported lcr uncertainty taken to be the standard deviation of the 
Na 2 0 values of the three measurements. 179 

5.29 Major element compositions measured using EDS rasters within (circles) and ad¬ 
jacent to (squares) three IMS-1280 SIMS craters on sample U1A. Measurements 
within the SIMS crater were overlaid, successive analyses, while the measure¬ 
ments adjacent to the SIMS craters were conducted in different regions around 
the crater (as shown in Figure 5.28). Measurements represent the mean and 2 
times the standard deviation of three measurements. Note the scale differences on 
the y-axes. All non-Na 2 0 analyses (except one K 2 0 analysis from SIMS analysis 
U1A-LANL@0, which is less than 5% different than the in and adjacent crater 
measurements) are within two standard deviations of each other. This suggests 
that EDS measurements within SIMS craters only affected the Na 2 0 measure¬ 
ments. While the measured Na 2 0 compositions from within/around SIMS ana¬ 
lytical craters are tabulated in Appendix G, Na 2 0 is dropped from all analyses 

of the combined major element/U isotopic dataset in this dissertation.180 

5.30 A1 compositional maps of samples U1B (left panel) and U3 (right panel). Note 
the large-scale flow-banding in U1B and relatively even brightness of the A1 map 
(excluding the black regions, which are high Si0 2 regions and the compositional 
interfaces) compared to sample U3. The large round black regions clustered 
towards the center of U3 are voids, which are much more abundant in U3 than 
U1B (which has two ~50 /mi voids visible near its center). 
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5.31 Plot of the standard deviation in U isotope ratio ( 235 U/ 238 U lcr) of select host 
objects (n > 10) versus the standard deviation of EDS-measured major element 
compositions (“ME lcr” in plot legend and text; excluding Na 2 0) within/around 
SIMS craters in hosts with ten or more combined major element/U isotope analy¬ 
ses (i.e., well characterized hosts). The blue line is a fit to the six host data points. 

The red points are the predicted 235 U/ 238 U lcr for agglomerates using their calcu¬ 
lated major element standard deviation. To calculate the major element standard 
deviations, the standard deviation of each of the individual major element oxides 
are summed in quadrature (excluding Na 2 0; see text). Host objects that appear 
to have formed as the result of the collision and mixing of two distinct composi¬ 
tions (i.e., samples U2 and U4) are excluded. This plot is generated using data 
tabulated in Appendix G. 182 

6.1 PCI and PC2 loadings (top) and scores of the host major element oxide composi¬ 
tions measured using EDS (bottom). Conventionally, biplots combine the scores 

and loadings on the same plot. To ease viewing, they are split into two plots here. 188 

6.2 A pictorial representation of decomposing the data matrix with SVD and retain¬ 
ing a subset of principal components. Terms are as defined in the text.191 

6.3 The magnitude of the variance (cr 2 ; also the magnitude of the eigenvalue) as a 
function of principal component number (left; called a scree plot) and cumulative 
variance explained as a function of principal component number (right) of the 
EDS grid data. There are eight PCs because eight original variables (oxides of Si, 

Al, Na, K, Ca, Fe, Ti, Mg) are included. The horizontal lines on the right plot 
show how many PCs must be retained to account for 90% and 95% of the total 
variance (retaining all 8 PCs replicates the data exactly and therefore explains 
all of the variance in dataset, defeating the purpose of using PCA for dimension 


reduction). 192 

6.4 Plot showing the loadings and scores of PCI vs. PC2 for host compositional 

data that were only standard scaled (top) and CLR scaled then standard scaled 
(bottom). 195 

6.5 Imputed Ca values set to 0.025 wt.% (one half the approximate EDS detection 

limit) compared with the measured Ca values for major element compositions 
of host objects with Ca concentrations less than 0.1 wt.%. The vertical red line 
denotes the detection limit of 0.05 elemental wt.%. 196 
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6.6 The 1RSD analytical uncertainty output by the ESPIRIT 2 EDS software as a 
function of the measured composition (in elemental wt.%). Plots show fits of 
A/x + B (solid line; Table 6.1) from 53 EDS analyses (points) in various glassy 
fallout samples that span the range of compositions observed in fallout from this 
test. Vertical dashed lines intercept the x-axes at 0.05 wt.%, the approximate de¬ 
tection limit for the EDS under these conditions. These fits are used to calculate 
EDS uncertainties for all other EDS measurements in this study prior to con¬ 
verting the compositions to oxides, assuming the oxide stoichiometries of Si0 2 , 
A1 2 0 3 , Na 2 0, K 2 0, CaO, FeO, Ti0 2 , and MgO. Data are tabulated in Appendix 

B. 198 

6.7 Scree plot of eigenvalues (variances) of the original compositional data of host 

objects X and the average variances from 1000 UP matrices generated using X 
and its modeled uncertainties. The standard deviations of the mean eigenvalues 
from the UP matrices are smaller than the points. The UP matrices reproduce 
a similar shape to the data matrix X, and would support retaining the same 
number of PCs at the elbow at PC4. The deviations between the UP matrices 
and the original data matrix X is due to bias introduced by the EDS method 
and software, resulting from similarities in the energy of the K a X-rays of some 
elements.200 

6.8 Correlations between principal components of the data matrix and 1000 UP ma¬ 
trices. Error bars represent one standard deviation. The first three principal 
components appear to be unaffected by noise. PCs 4 and 5 model a small noise 
component, with PC 6 modeling a greater degree of noise, but still containing 
variance related relationships between measurements. PCs 7 and 8 are dominated 


by noise. 201 

6.9 Histogram of loadings for PCs for the data matrix (red) and three random UP 
matrices (grey). Each histogram shows the loadings (y-axis) versus major element 
(x-axis) for a given principal component. Data are tabulated in Appendix H. . . 202 

6.10 Histogram of RHM distances to the 50% sampled centroid, calculated from Equa¬ 

tion 6.10. The histogram uses 200 bins. The 50th percentile (median), 95th per¬ 
centile, and 99.5th percentile of RHM distances are marked with yellow, red, and 
green vertical dashed lines, respectively. . 203 

6.11 A1 compositional map of sample FLD25. Yellow squares denote the locations of 
the outlying EDS measurements shown in Table 6.2. Tiny, bright white spots 
around the periphery of the sample are A1 metal pieces from the sample holder 


that were removed during polishing, but lodged between the sample and the epoxy. 205 
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6.12 PCI vs. PC2 for the dataset of major element oxide compositions of host objects. 
Outliers are highlighted as determined by the 95% percentile of the RHM dis¬ 
tances. RHM distances in the 99.5% percentile are shown in yellow. The bottom 
plot shows PCI plotted directly as a function of the RHM distances, highlighting 
the outliers’ influence on PCI. The grey, green, and red vertical lines denote the 
50th, 95th, and 99.5th percentiles, respectively. The slope of the edges of the cone¬ 
like shape becomes more gradual with each succeeding PC. Shapes correspond to 


end-member compositions, as defined in Chapter 4. Unclassified compositions, 
shown as blue circles, are discussed in the text, and primarily consist of high Fe 

compositions. 208 

6.13 Loadings of the 5 retained principal components. Data are tabulated in Appendix 

H. 210 


6.14 PCI vs. PC2. The top plot shows the loadings of the PC model created using 

the EDS host grid data. The middle plot shows the EDS host grid data, the EDS 
agglomerate data, and EDS measurements of unmelted soil collected proximate 
to ground zero. The bottom plot renders the EDS host grid data partially trans¬ 
parent, showing a density plot of the host compositions. Outlying felsic, mafic, 
and quartz-like compositions, as defined in Chapter 4, are shown with different 
shapes and colored by whether they measured in hosts, agglomerates, or in un¬ 
melted soil. Quartz and feldspar endmember compositions are also plotted and 
marked. 211 

6.15 PC2 vs. PC3. The top plot shows the loadings of the PC model created using 

the EDS host grid data. The middle plot shows the EDS host grid data, the EDS 
agglomerate data, and EDS measurements of unmelted soil collected proximate 
to ground zero. The bottom plot renders the EDS host grid data partially trans¬ 
parent, showing a density plot of the host compositions. Outlying felsic, mafic, 
and quartz-like compositions, as defined in Chapter 4, are shown with different 
shapes and colored by whether they measured in hosts, agglomerates, or in un¬ 
melted soil. Quartz and feldspar endmember compositions are also plotted and 
marked. 213 

6.16 PC4 vs. PC2. The top plot shows the loadings of the PC model created using 
the EDS host grid data. The middle plot shows the EDS host grid data, the EDS 
agglomerate data, and EDS measurements of unmelted soil collected proximate 
to ground zero. The bottom plot renders the EDS host grid data partially trans¬ 
parent, showing a density plot of the host compositions. Outlying felsic, mafic, 
and quartz-like compositions, as defined in Chapter 4, are shown with different 
shapes and colored by whether they measured in hosts, agglomerates, or in un¬ 
melted soil. Quartz and feldspar endmember compositions are also plotted and 
marked. 
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6.17 PC5 vs. PC3. The top plot shows the loadings of the PC model created using 

the EDS host grid data. The middle plot shows the EDS host grid data, the EDS 
agglomerate data, and EDS measurements of unmelted soil collected proximate 
to ground zero. The bottom plot renders the EDS host grid data partially trans¬ 
parent, showing a density plot of the host compositions. Outlying felsic, mafic, 
and quartz-like compositions, as defined in Chapter 4, are shown with different 
shapes and colored by whether they measured in hosts, agglomerates, or in un¬ 
melted soil. Quartz and feldspar endmember compositions are also plotted and 
marked. 215 

6.18 Examples of how the different EDS datasets discussed here were collected. In the 
figure on the left, the major element composition dataset, which was collected 
across host objects in grid patterns (data used to generate the PC A space) and 
collected in an approximate grid patterns across agglomerates to determine the 
composition of agglomerates (Table 4.8). In the second dataset (figure on right), 
to estimate the major element composition at the location of U isotope ratio mea¬ 
surements, 1-4 EDS rasters were collected within/around SIMS analysis craters. 

In this second dataset, Na 2 0 is excluded, as discussed in the text.217 

6.19 Percent deviation between the median major element composition of an object 
measured using grid-based patterns of EDS rasters across entire objects and the 
composition measured from the EDS rasters from within/around the SIMS craters 
as a function of the number of combined EDS/SIMS analyses within the object 
(Figure 6.18). Note the log x-axis. The blue band denotes ±15% relative devia¬ 
tion. The uncertainties are lcr of the mean (for multiple measurements) or the lcr 
analytical uncertainty for single measurements. Na 2 0 is excluded, as discussed 

in the text. Data are tabulated in Appendix G, Table 4.8, and Table 4.6.219 

6.20 Bivariate plots showing SIMS measurements of 235 u/ 238 U ratios as a function of 
the major element composition measured using EDS rasters collected within/around 
the SIMS craters (Figure 6.18). Uncertainties are lcr. Na 2 0 is excluded as dis¬ 
cussed in the text. The shape and color of points correspond to whether the SIMS 
analysis was performed in a host, an agglomerate, or over an interface that sig¬ 
nificantly sampled both the host and agglomerate. To ease viewing of the plots, 
the plots exclude to two points with anomalous CaO compositions discussed in 

the text (Figure 6.23 and Table 5.12). Data are tabulated in Appendix G. ... 220 

6.21 Bivariate plots showing 235 u/ 238 u ratio as a function of select major element 
oxides, those that exhibit a correlation with the 235 u/ 238 U ratio in sample U2 
(n = 48, shown as green diamonds). Uncertainties are lcr. To ease viewing of the 
plots, the plots exclude to two points with anomalous CaO compositions discussed 

in the text (Figure 6.23 and Table 5.12). Data are tabulated in Appendix G. . . 222 
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6.22 235 U/ 238 U as a function of major element concentration (wt.% oxide) for CaO, 

FeO, K 2 0, and MgO, with combined major element/U isotopic compositions 
measured in sample U2 removed. To ease viewing of the plots, the plots exclude 
to two points with anomalous CaO compositions discussed in the text (Figure 

6.23 and Table 5.12). Data are tabulated in Appendix G. 223 

6.23 Ca compositional maps of U3 and FLD16 with insets showing the high Ca regions 
where the two SIMS analyses were performed. Data are tabulated in Appendix G.224 

6.24 Loadings of the principal components for the PC analysis of the EDS host grid 

data when excluding Na 2 0 (left) compared to the PC loadings when all major 
element oxides are included. PC4 and PC5 have been interchanged between the 
two models, which is unsurprising, since they both describe similar amounts of 
variance in the original dataset (6.8 and 6.4%, respectively; Table 6.5). The 
inversion of PC4 on the left panel and PC5 on the right panel is insignificant 
because a PC4 and -lxPC4 are both orthogonal to all other PCs and are in 
directions that the describe the same amount of variance (known as “rotational 
ambiguity”). 225 

6.25 Na 2 0 vs. K 2 0 (as wt.%) for the host object compositions measured in a grid- 

based pattern with EDS. Note the strong correlation between the oxides for K 2 0 
concentrations less than approximately 5.0 wt.%. Higher K 2 0 concentrations are 
representative of the solid solution ideal composition of alkali feldspars between 
albite and orthoclase, of which Na and K are linearly independent mixing end- 
members. Data are tabulated in Appendix B.226 

6.26 PCI vs. PC2 (left plots) and PC2 vs. PC3 (right plots) where the combined major 
element composition/U isotope data have been projected through the original 
PCA model. The top panel shows the loadings. The center plots show the full 
range spanned by host compositions measured in a grid-based pattern using EDS 
(shown with partially-transparent + markers). The bottom plots show the scores 
of the major element compositions measured from within/around SIMS analytical 
craters (n = 245). The color of the points corresponds to the measured 235 U/ 238 U 
ratio and the shape and color of the outline corresponds to where the analysis 

was performed. 227 

6.27 PC2 vs. PC4 (left plots) and PC3 vs. PC5 (right plots) where the combined major 
element composition/U isotope data have been projected through the original 
PCA model. The top panel shows the loadings. The center plots show the full 
range spanned by host compositions measured in a grid-based pattern using EDS 
(shown with partially-transparent + markers). The bottom plots show the scores 
of the major element compositions measured from within/around SIMS analytical 
craters (n = 245). The color of the points corresponds to the measured 235 U/ 238 U 
ratio and the shape and color of the outline corresponds to where the analysis 


was performed. 228 

6.28 PC plots with U2 host measurements marked. 229 
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6.29 PC2 vs. PC3 showing compositions with intermediate 235 U/ 238 U isotope ratios 

(2 < 235U/238U > g. left panel ) and out l ying 235U/238U isotope ratios (235U/238U 


< 2 or 235U/238U > g. right panel ) . 230 

6.30 PC plots with U2 host measurements marked. 230 


6.31 PC2 vs. PC3 of a PC space generated using the EDS host grid data, exclud¬ 

ing Na20. Plots show the SIMS/EDS measurements performed in each sample 
with measurements in other samples shown as partially transparent, with mea¬ 
surements in agglomerates and over interfaces marked following the legend in 
the top left plot, which shows the full range spanned major element/U isotopic 
measurements in all samples. The color in the labels of these measurements also 
corresponds to their 235 u/ 2 3 8 u ra ti 0 following the legend (in case the marker is 
obscured by overlapping data). The loadings are shown in Figure 6.26. 232 

6.32 PC2 vs. PC3 of a PC space generated using the EDS host grid data, exclud¬ 

ing Na20. Plots show the SIMS/EDS measurements performed in each sample 
with measurements in other samples shown as partially transparent, with mea¬ 
surements in agglomerates and over interfaces marked following the legend in 
the top left plot, which shows the full range spanned major element/U isotopic 
measurements in all samples. The color in the labels of these measurements also 
corresponds to their 235 u/ 238 u ratio following the legend (in case the marker is 
obscured by overlapping data). The loadings are shown in Figure 6.26. 233 

7.1 nMDS algorithm for finding the optimum lower dimensional configuration. . . . 239 

7.2 Stress plots of MDS models of the the major element compositional data set of 

hosts and agglomerates (top) and the combined major element/U isotopic dataset 
from EDS rasters taken within/around the SIMS craters (bottom). These plots 
show the modeled distances (5 d s) as a function of the analytical dissimilarities 
(dijs) (blue markers). The non-metric monotonic fit (which contains the dis¬ 
parities, d^s) is also shown (red line) plotted as a function of the analytical 
dissimilarities (dijs). Modeled distances that have large vertical deviations from 
the monotonic fit contribute to large values of stress (Eqn. 7.3). The top plot is 
an example of a “good” fit with S' < 0.1 and the bottom plot is an example of a 
“fair” fit with 0.1 < S < 0.2. 240 

7.3 Flow chart for generating points and uncertainties in MDS plots. The nMDS step 
is shown in Figure 7.1. 
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7.4 MDS modeled proximities of the median compositions of all agglomerates and 
host objects characterized with EDS in grid-based patterns (95 total objects). 
Points represent the mean of 500 non-metric MDS models generated using randomly- 
generated UP matrices and the uncertainties represent 2 standard deviations 
about that mean (Fig. 7.3). The proximity between objects highlights composi¬ 
tional similarity, while large distances between objects indicates those agglomer¬ 
ates or host objects are compositionally dissimilar. The majority of host objects 
tend to cluster towards the center, while agglomerates are more widely spread. 

Data are tabulated in Appendix 1. 243 

7.5 Examples of the relative compositional similarity between agglomerates and their 
host objects for the major element only dataset. The panels show the agglomer¬ 
ates and host objects of U1B, FLD4.3, FLD23, FLD14, FLD4.4, and AE.C while 
rendering all other characterized objects as partially transparent. These exam¬ 
ples showcase several different compositional similarities between agglomerates 

and their host objects, as discussed in the text. Data are tabulated in Appendix 1.244 

7.6 MDS plot of all agglomerates and host objects characterized with the combined 
major element/U isotopic dataset. Interfaces measurements are SIMS rasters 
that overlapped the host with more than 25% of the total crater or raster area 
occupied by the host. Points represent the mean of 500 non-metric MDS models 
generated using randomly-generated UP matrices and the uncertainties represent 
2 standard deviations about that mean. The proximity between objects indicates 
major element/U isotopic compositional similarity, while large distances between 
objects shows that those objects are compositionally dissimilar. There are larger 
uncertainties in this MDS projection due to the fewer analyses used to characterize 
each object compared to the major element only dataset (Fig. 7.4). Outliers in 

the MDS projection are marked and data are tabulated in Appendix 1.247 

7.7 MDS plot of all agglomerates and host objects characterized with the combined 

major element/U isotopic dataset. Interfaces measurements are SIMS rasters 
that overlapped the host with more than 25% of the total crater or raster area 
occupied by the host. Points represent the mean of 500 non-metric MDS models 
generated using randomly-generated UP matrices and the uncertainties represent 
2 standard deviations about that mean. The proximity of points highlights com¬ 
positional similarity, while large distances between points shows that those points 
are compositionally dissimilar. The majority of host objects tend to cluster to¬ 
wards the center, while agglomerates have a wider spread. Data are tabulated in 
Appendix 1. 248 
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7.8 The similarity of agglomerates to their respective hosts for the EDS raster dataset 
characterizing entire objects. The top panel shows the Euclidean distance of ag¬ 
glomerates (colored and shaped by their attachment location) to their respective 
hosts, with all other objects shown as partially transparent. The middle panel 
shows these distances as a percentile, showing how similar agglomerates are rel¬ 
ative to all other characterized objects. Uncertainties are 2a for the top and 
middle panels. The bottom panel shows the cumulative distribution function of 
500 randomly generated UP matrix configurations of the distance percentiles in 
grey with the median CDF highlighted in red. Data are tabulated in Appendix I. 250 

7.9 The similarity of agglomerates to their respective hosts for the combined major 

element/U isotopic dataset. The top panel shows the Euclidean distance of 29 ag¬ 
glomerates (colored and shaped by their attachment location) to their respective 
hosts, with all other objects shown as partially transparent. These plots exclude 5 
agglomerates where the only SIMS analysis of the agglomerate also significantly 
sampled the host in addition to the interface and the agglomerate: FLD4.3.1, 
FLD4.3.5, U3.3, U3.4, and U3.5. The middle panel shows these distances as a 
percentile, showing how similar agglomerates are relative to all other character¬ 
ized objects. Uncertainties are 2cr for the top and middle panels. The bottom 
panel shows the cumulative distribution function of 500 randomly generated UP 
matrix configurations of the distance percentiles in grey with the median CDF 
highlighted in blue. Data are tabulated in Appendix 1.252 

8.1 BSE image of CaMgFe interfaces previously characterized by Weisz (2016) for ex¬ 
terior agglomerates D1 and D2 (in sample AG.D). Inset A1 compositional X-ray 
map highlights the respective enrichment and depletion of A1 at the composi¬ 
tional interface. The A1 compositional X-ray map on the far right shows two 
uncharacterized surface agglomerates between agglomerates D1 and D2. 258 
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8.2 EPMA traverses across 4 CaMgFe interfaces (a subset of the 11 studied by Weisz 
(2016) and Weisz et al. (2017)) showing the major element behavior of Si0 2 , 
A1 2 0 3 , CaO, and FeO across the interfaces. Plots are generated for this study 
using data from [67] and are centered at x — 0 /rm based on their FeO maxima. 
Traverses were conducted using a 1 jum primary electron beam and analyses were 
spaced 1 fim apart. Traverses move from the agglomerate side on the left of 
each plot, across the interface at x = 0 /mi, into the host object on the right. 
Uncertainties are lcr and are smaller than the points in all panels except the FeO 
panel. The maxima in three of the four Si peaks relative to both the agglomerate 
and host object side are slightly offset relative to the FeO peak (Cl’s Si0 2 peak 
is offset by 1 /fm towards the agglomerate, while C3 and El are offset towards 
the host object). While Si0 2 appears to be generally enriched near the interface, 
the relative change in Si0 2 composition is small, less than 10% compared to 
the agglomerate composition for all interfaces characterized in [67, 68]. This 
argument is used in [67, 68] to justify using the 235 U/ 30 Si ratio as a proxy for 
the U concentration across the interface. In contrast, the CaO and FeO interface 
compositions are enriched at CaMgFe interfaces, generally 50% or more relative 

to the agglomerate composition (x < 0 /un).260 

8.3 Al compositional map (on right) and extracted linear traverse across the interface 

between agglomerate U1B.L and host object U1B (on left). The interface traverse 
is extracted from an EDS compositional map («125 nm/pixel resolution) and 
smoothed using a line width of 250 pixels («31 /un). The y-axis for the plots are 
the compositions (as wt.% oxide) for each of the major elements analyzed using 
EDS. UlB.L’s interface is an Si interface, so the interface traverse is centered 
at the Si0 2 maxima. The traverse begins in the agglomerate, passes over the 
interface near x — 0 /m i and ends in the host. In this case, the centering is slightly 
off-center due to the noise in the Si0 2 peak with the maximum Si0 2 concentration 
being shifted slightly toward the agglomerate (<1 /irn). Uncertainties are 2SEOM 
calculated assuming n — 250 (250 pixels were used for smoothing) and using 
the standard deviation from 250 pixels taken from a line drawn perpendicular 
to the interface traverse. For this Si (and most other Si interfaces), Si is the 
only analyzed major element enriched at the interface, while all other analyzed 
elements show a depletion or no measurable change across the interface. 261 
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8.4 Comparison between EPMA (data taken from [67]) and EDS map-based traverses 

across the CaMgFe interface Cl in sample AA.C for each of the elements charac¬ 
terized using EDS in this study (left panel). The top right image shows a BSE 
image of sample AA.C with exterior agglomerates Cl and C2. The magnified 
inset in the bottom right shows an A1 compositional map indicating the approx¬ 
imate location and width (13.6 /irn/100 pixel smoothing width) of the traverse 
conducted using quantified EDS compositional maps. The point spacing of the 
EPMA traverse was 1 /rm and the point spacing of the EDS traverse is 0.14 /mi 
(the resolution of this map). Trends for most of the element oxides are replicated 
in the EDS map-based traverse as observed in the EPMA traverse. However, the 
EDS-derived Na 2 0 and K 2 0 traverses are systematically higher, possibly due to 
volatilization using the EPMA technique. The deviation between the EPMA and 
EDS Ti0 2 traverses is possibly due to the different quantification schemes used 
for EPMA and EDS. Uncertainties are la for the EPMA data and 2cr for the 
EDS map data. 263 

8.5 Comparison between EPMA and EDS compositional map scans across the CaMgFe 

interface D2 in sample AG.D (left panel). The bottom right panel shows a BSE 
image of sample AG.D and agglomerates D1 and D2, with the inset above (top 
right panel) showing an A1 compositional map indicating where Weisz (2016) con¬ 
ducted the EPMA traverse, as well as the approximate location and width (30.7 
/irn/ 125 pixel smoothing width) of the traverse conducted using quantified EDS 
compositional maps (this study). The point spacing of the EPMA traverse is 1 
/rm and the point spacing of the EDS traverse is 0.25 /irn, which is the pixel size 
for this map. However, there is likely some smearing effect due to the finite size 
of the electron beam, so the resolution of the EDS traverse is likely greater. The 
systematic disagreement between Si0 2 and A1 2 0 3 between the two techniques 
may be due to compositional heterogeneity since the traverses were taken in dif¬ 
ferent locations. Uncertainties are lcr for the EPMA data and 2a for the EDS 
map data. 264 

8.6 Traverses extracted from quantitative EDS compositional maps collected across 
the CaMgFe interfaces of FLD18.1, FLD14.L, and FLD10.L. All three are exterior 
agglomerates. The peaks are centered at x = 0 /mi based on their FeO maxima. 
Similar to the interfaces studied by Weisz (2016), these interfaces uniformly ex¬ 
hibit enrichments in CaO, FeO, and MgO (not shown) and depletions in A1 2 0 3 . 

Two of the three interfaces (FLD10.L and FLD14.L) also exhibit enrichments in 
Si0 2 offset towards the host by «2 /mi. Uncertainties are 2cr. Data are tabulated 

in Appendix J.265 
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8.7 Example interface traverses extracted from quantitated EDS compositional maps 
across six Si interfaces. Peaks are centered at x = 0 /mi based on their local 
maximum Si02 concentration. Traverses being in the agglomerate for x < 0 /mi, 
pass the interface near x — 0 /mi, and traverse into the host for x > 0 /mi. 
FLD14.1 is a surface agglomerate, FLD23.L is an exterior agglomerate, and the 
remaining four are interior agglomerates. The Si02 enrichment at the interface 
can be as little as 5% relative compared to the agglomerate composition (e.g., 
FLD4.3.3) and rarely exceeds 10%, consistent with this and previous findings 
of CaMgFe interfaces. The remaining characterized major element oxides are 
tabulated in Appendix J. All major element oxides not shown here, except, in 
several cases K 2 0 or FeO, are either depleted or show no measurable change in 
composition across the interface (discussed further below; see Figure 8.19). . . . 267 

8.8 Traverses across compositional interfaces characterized by quantitative EDS com¬ 
positional maps. A1 compositional maps show the location and smoothing width 
of the interface traverses for Si0 2 , FeO, A1 2 0 3 , and CaO. Si interfaces are centered 
based on their Si02 maxima and CaMgFe interfaces are centered based on their 
FeO maxima. The colors of the traverses in the compositional maps correspond 
to the colors of the traverses in the plots. Interface points are highlighted in the 
traverses, with yellow markers indicating which major element oxide (Si0 2 or 
FeO) was used to define the interface peak points for these interfaces, and white 
markers in the other panels highlighting those compositions for the other oxides. 

The top panel shows the two agglomerates characterized in FLD14: FLD14.L 
(and exterior agglomerate; CaMgFe interface) and FLD14.1 (a surface agglom¬ 
erate; Si interface). The bottom panel shows FLD18.1 (an exterior agglomerate; 
CaMgFe interface) and FLD18.2 (an interior agglomerate; Si interface) in sample 
FLD18. Uncertainties are 2a. Data are tabulated in Appendix J.268 

8.9 Traverses across compositional interfaces characterized by quantitative EDS com¬ 
positional maps. A1 compositional maps show the location and smoothing width 
of the interface traverses for Si0 2 , FeO, A1 2 0 3 , and CaO. All agglomerates in 
this figure have Si interfaces and are centered based on their Si0 2 maxima. The 
colors of the traverses in the compositional maps correspond to the colors of the 
traverses in the plots. Interface points are highlighted in the traverses, with yel¬ 
low markers indicating which major element oxide (Si0 2 or FeO) was used to 
define the interface peak points for these interfaces, and white markers in the 
other panels highlighting those compositions for the other oxides. The top row 
shows the two agglomerates characterized in U1B: U1B.L (an interior agglomer¬ 
ate) and FLD14.1 (a surface agglomerate). The bottom row shows eight inter¬ 
faces from agglomerates in FLD23. Only the A1 map highlighting the traverses 
of FLD23.1.1, FLD23.1.2, and FLD231.3 are shown here. All eight agglomerates 
plotted for FLD23 are surface agglomerates, except for FLD23.L, which is an 
exterior agglomerate. Uncertainties are 2cr. Data are tabulated in Appendix J. . 269 
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8.10 Si maps of magnified regions in the samples FLD23 (top right), FLD4.3 (top 

left), and FLD14 (bottom) highlighting Si interfaces surrounding hosts and their 
agglomerates. The grayscale Si map shows the thresholded region in red used 
to produce the black and white thresholded Si map, showing the location of Si 
interfaces overlaying the Si compositional maps. For FLD23, the Si interface ap¬ 
pears created by an Si-enriched region surrounding the host. The interface for 
FLD4.3.UA in samples FLD4.3 is also likely due to an Si-enriched region sur¬ 
rounding the host. Finally, the agglomerate FLD14.1 in sample FLD14 exhibits 
an Si-enriched region surrounding the the agglomerate, while the host FLD14 
exhibits a slight enrichment surrounding the host. 270 

8.11 Scenarios that could lead to different interface and enrichment layers. Given 

observations of the relative width of the Si interfaces compared to the CaMgFe 
interfaces, an object coated first with a CaMgFe deposition layer followed by an 
Si deposition layer is not hypothesized to not occur. However, an agglomerate 
may be coated with Si and the host with a CaMgFe, leading to a preservation of 
an Si interface overlaid by a CaMgFe interface. However, this scenario was not 
observed in this study. 273 

8.12 EDS compositional maps of the interface between FLD10.L and FLD10 showing 
two interfaces a CaMgFe interface at the boundary of agglomerate FLD10.L, 
followed by an Si interface between the CaMgFe interface and the host FLD10. A 
surface agglomerate near the center of the map preserves only a CaMgFe interface 
between itself and FLD10.L and an Si interface between itself and the host object 
FLD10. The Si interface appears more diffuse than the CaMgFe interface. . . . 274 

8.13 Bivariate plots showing compositions of host objects, agglomerates, and unmelted 
soil overlaid with Si and CaMgFe interface compositions. Uncertainties are lcr and 
are smaller than the points for the interface compositions. Data are tabulated in 
Appendices B (for host object compositions), C (for agglomerate compositions), D 

(for unmelted soil compositions), and J (for Si and CaMgFe interface compositions).277 
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8.14 CaMgFe interface compositions projected into PCA space for interfaces across 

FLD10.L, Dl, and D2 (all exterior agglomerates). The top left panel shows the 
loadings of PCI v. PC2 and the grid-based host object analyses used to generate 
the PCA space. The center left panel shows the full range spanned by the host 
objects in PCA space. The red box is the magnified view shown in the plot in the 
bottom left (which shows the host object compositions in the magnified view) 
and the sample specific plots in the right panel. In the magnified PCA plots, 
which show interfaces characterized in sample FLD23 (top) and sample FLD4.3 
(bottom), interface compositions are shown as filled triangles. The composition 
of the host object is shown as grey filled squares. The agglomerate composition is 
shown as unfilled circles. CaMgFe interface compositions are distinct from EDS 
analyses in either the host object or agglomerate plotted, but they do not exceed 
the range spanned the collective set of EDS host analyses and plot towards the 
majority of measured compositions. Data are tabulated in Appendix J using the 
PCA model shown in Appendix H.280 

8.15 Si interface compositions projected into PCA space for 12 interfaces in samples 

FLD23 and FLD4.3. The top left panel shows the loadings of PCI v. PC2 and 
the grid-based host object analyses used to generate the PCA space. The center 
left panel shows the full range spanned by the host objects in PCA space. The red 
box is the magnified view shown in the plot in the bottom left (which shows the 
host object compositions in the magnified view) and the sample specific plots in 
the right panel. In the magnified PCA plots, which show interfaces characterized 
in sample FLD23 (top) and sample FLD4.3 (bottom), interface compositions 
are shown as filled triangles. The composition of the host object is shown as 
grey filled squares. The agglomerate composition is shown as unfilled circles. 
Interface compositions tend to be distinct from both their associated agglomerate 
and host object (a counter-example is interface and agglomerate compositions of 
FLD4.3.1). Si interface peak compositions trend towards more negative values 
of PCI (higher Si0 2 compositions), but do not exceed the range spanned by the 
EDS host compositions. Data are tabulated in Appendix J using the PCA model 
shown in Appendix H. 281 
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8.16 Interface compositions projected into PCA space 2 Si and 2 CaMgFe interfaces 
in samples FLD18 and FLD14. The top left panel shows the loadings of PCI v. 
PC2 and the grid-based host object analyses used to generate the PCA space. 
The center left panel shows the full range spanned by the host objects in PCA 
space. The red box is the magnified view shown in the plot in the bottom left 
(which shows the host object compositions in the magnified view) and the sam¬ 
ple specific plots in the right panel. In the magnified PCA plots, which show 
interfaces characterized in sample FLD18 (top) and sample FLD14 (bottom), in¬ 
terface compositions are shown as filled triangles. The composition of the host 
object is shown as grey filled squares. The agglomerate composition is shown as 
unfilled circles. Interface compositions tend to be distinct from both their associ¬ 
ated agglomerate and host object. Si interface peak compositions trend towards 
more negative values of PCI (higher Si0 2 compositions) and CaMgFe interface 
compositions tend towards quadrant I but do not exceed the range spanned by 
the EDS host compositions. Data are tabulated in Appendix J using the PCA 


model shown in Appendix H.282 

8.17 Compositions in PCA space for 18 Si interfaces in 6 samples (n = 112) and 9 


CaMgFe interfaces in 7 samples (n = 46) collected using linear traverses extracted 
from quantified EDS maps. The top plots show the loadings of PCI v. PC2 (left) 
and PC2 v. PC3 (right). The center plots shown the full range spanned by the 
major element compositions of host objects and unmelted soil. Si interface com¬ 
positions are shown as upside down green triangles and CaMgFe compositions 
are shown as orange triangles. The host, agglomerate, and soil major element 
compositions are rendered partially transparent. The bottom plots shows the 
inset marked in the middle plots, but excludes the agglomerate and unmelted soil 
compositions for clarity. Data are tabulated in Appendices B (for host object 
compositions), C (for agglomerate compositions), D (for unmelted soil composi¬ 
tions), J (for Si and CaMgFe interface compositions), and H for the PCA model 

used to project the compositions into PCA space.283 

8.18 Example showing the change in major element composition across the interfaces 
of FLD4.3.UA (top panel) and FLD14.1 (bottom panel) relative to the average 
agglomerate composition. The traverses are centered at x = 0 /mi based on their 
Si0 2 maxima. The agglomerate composition is sampled for values of x < 0 /mi, 
and the host is sampled for values of x > 0 /mi. The points used to determine 
the average agglomerate composition are shown in the red box. The blue box 
at the interface shows the interface peak points, used to determine the interface 
composition, selected based on the points within 2a of the Si0 2 maxima for 
Si interfaces (and FeO maxima for CaMgFe interfaces). Data are tabulated in 
Appendix J. 284 
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8.19 The relative change in major element oxides at 16 Si interfaces in 8 samples as a 
function of the relative enrichment of Si0 2 at the peak of that interface. The in¬ 
terfaces are listed in the text. Relative enrichments and depletions are calculated 
relative to the average agglomerate composition («40 points for each interface 
were sampled and averaged to determine the “agglomerate” composition). The 
plots shows 14 Si interfaces. The greatest relative depletions at interfaces tend to 
be from CaO, A1 2 0 3 , and Na 2 0 (possibly due to volatility). The smallest relative 
depletions (and sometimes enrichments) at the interfaces tend to be observed in 
FeO and K 2 0. An evaporative process would lead the refractory oxides enriched. 
Instead, the Si interfaces likely reflect a condensation process where Si preferen¬ 
tially is deposited on the surface of agglomerates and hosts. The intermediate 
behavior of Na 2 0 could suggest that condensation and evaporation happened con¬ 
currently, leading to the preferential loss of Na 2 0 and higher relative depletions 
of Na 2 0 at the interfaces.285 

9.1 Extracted traverses from NanoSIMS rasters across four of the nine interfaces 
studied with NanoSIMS by [67] (Al in sample A and Bl, B2, and B3 in sample 
AA.B). Three ratios are shown: 235 U/ 238 U, 235 U/ 30 Si, and 235 U/ 42 Ca. Interfaces 
were centered at x = 0 based on the designation of the interface location in 
[67]. The dotted lines show ±1 /on about x — 0 /mi, bounding the interface 
peak. Uncertainties are 2a. Plots highlighted in red show an enrichment at the 
interface, as defined in the text and Table 9.1. These data were extracted from 

the supplementary tables provided in [67].289 

9.2 Extracted traverses from NanoSIMS rasters five of nine interfaces studied with 

NanoSIMS by [67] (Cl and C2 in sample AE.C, D1 and D2 in sample AG.D, 
and El in sample AH.E). Three ratios are shown: 235 U/ 238 U, 235 U/ 30 Si, and 
235 U/ 42 Ca. Interfaces were centered at x = 0 based on the designation of the 
interface location in [67]. The dotted lines show ±1 /tir i about x — 0 /mi, bound¬ 
ing the interface peak. Uncertainties are 2a. Plots highlighted in red show an 
enrichment at the interface, as defined in the text and Table 9.1. These data were 
extracted from the supplementary tables provided in [67]. 290 

9.3 The behavior of U isotopes and major elements across interface FLD14.L (an 
exterior agglomerate with a CaMgFe interface). The insets in Panel A show the 
location of both the NanoSIMS analysis and the quantified EDS maps from which 
both interface traverses were extracted. Panel B shows the NanoSIMS isotope 
ratio images as false color maps for the analysis over the interface. Panel C shows 
the extracted interface traverses from both the NanoSIMS analysis and EDS 
maps. For the NanoSIMS traverse, the interface is centered at x = 0 /mi based 
on the ( 235 U+ 238 U)/ 30 Si peak. For the EDS traverse, the interface is centered at 
x — 0 /mi based on the FeO maximum. The range of the extracted NanoSIMS 
traverse is projected onto the EDS traverse plots as a gray box. Uncertainties are 

2cr. Data are tabulated in Appendix J and K.293 
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9.4 Compositional maps showing the double-layered interface between exterior ag¬ 
glomerate FLD10.L (left side of compositional maps) and FLD10 (right side of 
compositional maps). Moving from from FLD10.L to FLD10, the first interface is 
a CaMgFe interface, followed by an Si interface. The surface agglomerate exhibits 
a CaMgFe interface between itself and FLD10.L and an Si interface between itself 
and FLD10. This suggests the CaMgFe interface is consistent with a late stage 
deposition coating on the agglomerate, while the Si interface may have previously 
deposited on the host object, as hypothesized in Chapter 8. The bottom panels 
show the location of the NanoSIMS analyses over the interface with the 235 U/ 42 Ca 
isotope ratio image overlaid in the Ca panel. The extracted traverses are shown 

in Figure 9.5 and were conducted <100 jum from each other.295 

9.5 The U isotopic and major element behavior across the double-layered interface of 
FLD10.L (an exterior agglomerate). The top panel shows the NanoSIMS isotope 
ratio images. The bottom panel shows the extracted interface traverses from 
both the NanoSIMS analyses and EDS maps (location shown in 9.4). For the 
NanoSIMS traverse, the Si interface is centered at x = 0 fim based on the U/ 42 Ca 
minimum and the CaMgFe interface is identified based on the local U/ 42 Ca max¬ 
imum. For the EDS traverse, the Si interface is centered at x = 0 /irn based on its 
Si0 2 maximum and the CaMgFe interface is identified from the FeO maximum. 

The range of the extracted NanoSIMS traverse is projected onto the EDS traverse 
plots as a gray box. Uncertainties are 2cr. Data are tabulated in Appendix J and 

K. 296 

9.6 The U isotopic and major element behavior across Si interface U1B.L (an interior 
agglomerate). Panel A shows the location of both the NanoSIMS analysis and the 
quantified EDS map from which both interface traverses were extracted. Panel 
B shows the raw NanoSIMS isotope ratio images. Panel C shows the extracted 
interface traverses from both the NanoSIMS (corrected for fractionation) and 
EDS analyses. For the NanoSIMS traverse, the interface is centered at x = 0 /irn 
based on the U/ 42 Ca maximum. For the EDS traverse, the interface is centered 
at x = 0 n m based on its Si0 2 maximum. The range of the extracted NanoSIMS 
traverse is projected onto the EDS traverse plots as a gray box. Uncertainties are 

2cr. Data are tabulated in Appendix J and K.299 

9.7 EDS Compositional maps showing the Si interface between exterior agglomerate 
FLD23.L (left side of compositional maps) and FLD23 (right side of compositional 
maps). The location of the linear traverse extracted from the quantified EDS map 
is shown as a red arrow. Surface agglomerates between FLD23.L and FLD23 are 
also visible. The inset (left set of compositional maps) shows the location of the 
NanoSIMS analysis and the direction and width of traverse extracted from the 
NanoSIMS raster analysis. The extracted traverses are shown in Figure 9.8 and 
were conducted <50 jum from each other over Si the interface. 


300 
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9.8 The U isotopic and major element behavior across the Si interface of FLD23.L (an 
exterior agglomerate). The top panel shows the NanoSIMS isotope ratio images 
as false color maps. The bottom panel shows the extracted interface traverses 
from both the NanoSIMS (corrected for fractionation) and EDS analyses (traverse 
locations shown in Figure 9.7). For the NanoSIMS traverse, the Si interface is 
centered at x — 0 /jrri based on the ( 235 U+ 238 U)/ 42 Ca minimum and for the EDS 
traverse, the Si interface is centered at x = 0 /im based on its Si02 maximum. 

The range of the extracted NanoSIMS traverse is projected onto the EDS traverse 
plots as a gray box. Uncertainties are 2cr. Data are tabulated in Appendix J and 

K. 301 

9.9 The U isotopic and major element behavior across the Si interface of FLD4.3.3 (an 
interior agglomerate). Panel A shows EDS compositional maps of agglomerates 
FLD4.3.1, FLD4.3.2, and FLD4.3.3. Arrows denote the location of the extracted 
traverses. Panel B shows the NanoSIMS isotope ratio images over the inter¬ 
face. Panel C shows the extracted interface traverses from both the NanoSIMS 
(corrected for fractionation) and EDS analyses (converted to oxides). For the 
NanoSIMS traverse, the interface is centered at x = 0 /mi as described in the 
text. For the EDS traverse, the interface is centered at x = 0 /mi based on its 
Si0 2 maximum. The range of the extracted NanoSIMS traverse is projected onto 
the EDS traverse plots as a gray box. Uncertainties are 2cr. Data are tabulated 

in Appendix J and K.303 

C.l A1 compositional map of sample AA.B showing the agglomerates characterized in 
the sample. Agglomerates Bl, B2, and B3 have CaMgFe interfaces. B1 and B3 
are exterior agglomerates, while B2 is a surface agglomerate within agglomerate 
B3. All were characterized for their U isotopic (from [67]) and major element 
compositions.411 

C.2 Si and A1 Compositional maps showing the agglomerates characterized in sample 
AE.C (shown with a BSE image). Cl and C2 were characterized for both their U 
isotopic (from obtained from [67]) and major element compositions. Agglomerates 
C3 and C4 were characterized for their major element compositions. All are 


exterior agglomerates.412 

C.3 Compositional maps showing the agglomerates characterized in sample AG.D. 

Both D1 and D2 (exterior agglomerates with CaMgFe interfaces) were character¬ 
ized for both their U isotopic and major element compositions.413 

C.4 BSE image of sample AH.E showing the agglomerates characterized in the sample. 

Both El and E2 are exterior agglomerates. El (CaMgFe interface) was charac¬ 
terized for both its U isotopic (from [67]) and major element compositions and 


E2 (indeterminate interface) was characterized for its major element composition. 414 
C.5 Compositional maps showing the agglomerate characterized in sample FLD10. 
FLD10.L (exterior agglomerate) was characterized for both its U isotopic and 
major element compositions.415 
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C.6 Compositional maps showing the agglomerates characterized in sample FLD14. 

Both FLD14.L (CaMgFe interface) and FLD14.1 (Si interface) were characterized 

for their U isotopic and major compositions.416 

C.7 Compositional maps showing the agglomerates characterized in sample FLD17. 
FLD17.int.2 was characterized for both its U isotopic and major element com¬ 
positions. All other agglomerates were characterized for their major element 

compositions.417 

C.8 Compositional maps showing the agglomerates characterized in sample FLD18. 
FLD18.1 and FLD18.2 were characterized for both their U isotopic and major 
element compositions FLD18.1 has a CaMgFe interface and FLD18.2 has a Si 
interface. FLD18.3 and FLD18.4 were characterized for their major element com¬ 


positions.418 

C.9 Compositional maps showing the agglomerates characterized in sample FLD21. . 419 
C.10 Compositional maps showing the agglomerates characterized in sample FLD23. 
FLD23.1.1-FLD23.5.1 are surface agglomerates and FLD23.L is an exterior ag¬ 
glomerate. All were characterized for both major element and U isotopic compo¬ 
sition. All agglomerates have Si interfaces.420 


C.ll Compositional maps showing the agglomerates characterized in sample FLD4.3. 
Agglomerates FLD4.3.1, FLD4.3.2, FLD4.3.3, and FLD4.3.5 are interior agglom¬ 
erates and were characterized for both their major element and U isotopic compo¬ 
sition. FLD4.3.UA and FLD4.3.4 are surface agglomerates and were characterized 


for their major element composition. All agglomerates have Si interfaces.421 

C.12 A1 compositional map showing the agglomerates characterized in sample FLD4.4. 

Both FLD4.4.1 and FLD4.4.2 were characterized for their major element compo¬ 
sitions. Both agglomerates have Si interfaces.422 

C.13 Compositional maps showing the agglomerates characterized in sample U1B. Both 
U1B.L (interior agglomerate) and U1B.2 (surface agglomerate) were characterized 
for both their U isotopic and major element compositions. Both agglomerates 

have Si interfaces.423 

C.14 A1 compositional map showing the agglomerates characterized in sample U3. All 
labeled agglomerates were characterized for both their major element and U iso¬ 
topic compositions. However, only SIMS analyses in agglomerates U3.1 and U3.2 
were fully located in the agglomerate. SIMS analyses in U3.3-U3.5 sampled the 


agglomerate, the compositional interface, and the host object and represent a 
mixture of the U isotopic compositions from these three regions. Red circles 
show the SIMS analyses conducted using the IMS-3f at LLNL in a 2012 analyti¬ 
cal campaign and yellow squares show the locations of SIMS analyses conducted 
using the IMS-1280 at LANL in a 2012-2013 analytical campaign (both discussed 
further in [60]). The SIMS analyses are labeled in Appendix F.424 
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C.15 Compositional maps showing the agglomerates characterized in sample U4. U4.1 
(surface), U4.2 (interior), and U4.3 (surface) were characterized for both their U 
isotopic and major element compositions. Agglomerates U4.4-U4.7 were charac¬ 
tered for their major element compositions. Red circles in the full map of sample 
U4 show the SIMS analyses conducted using the IMS-3f in a 2012 analytical 
campaign (discussed further in [60] and labeled in Appendix F).425 

F.l Si compositional map showing the location of the SIMS analyses in agglomerate 
FLD10.L (Analyses FLD10-NS17-6 to FLD10-NS17-8) and the host FLD10 dur¬ 
ing a 2017 analytical campaign with a CAMECA NanoSIMS. 235 U/ 238 U, U/ 30 Si, 
and U/ 42 Ca ratios were measured. The SIMS analyses craters have dimensions 

15x15 nm .450 

F.2 Si compositional map showing the location of the SIMS analyses in agglomerates 
FLD14.L (Analyses FLD14-NS17-1 and FLD14-NS17-2) and FLD14.1 (Analysis 
FLD14-NS17-10) and the host FLD14 during a 2017 analytical campaign with 
a CAMECA NanoSIMS. 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios were measured. 


The SIMS analyses craters are square and have dimensions 15x15 /mi.451 

F.3 Location of the SIMS analyses in sample FLD15 conducted during a 2015 ana¬ 
lytical campaign at LANL with a CAMECA IMS-1280. 2 35u/ 238 U and 234 U/ 238 U 
ratios were measured. The SIMS analyses craters are square rasters with dimen¬ 
sions ~30 fim x ~30 /im.452 

F.4 Location of the SIMS analyses in sample FLD16 conducted during a 2015 ana¬ 
lytical campaign at LANL with a CAMECA IMS-1280. and 234 U/ 238 U 

ratios were measured. The SIMS analyses craters are square rasters with dimen¬ 
sions ~30 /fm x ~30 /fm .453 


F.5 Si compositional maps showing the location of the SIMS analyses in agglomerates 
FLD17.int.2 (Analyses FLD17-NS17-2, FLD17-NS17-3, and FLD17-NS17-4) and 
the host FLD17 (Analyses FLD17-NS17-1 and FLD17-NS17-5) during a 2017 
analytical campaign with a CAMECA NanoSIMS. 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca 
ratios were measured. The SIMS analyses craters for all analyses within the 

agglomerates are square and have dimensions 15x15 /rm.454 

F.6 Location of the SIMS analyses in sample FLD18 conducted during a 2015 analyt¬ 
ical campaign at LANL with a CAMECA IMS-1280. 2 35u/ 238 U and 234 U/ 238 U ra¬ 
tios were measured. The SIMS analyses craters are square rasters with dimensions~30 
/irn x ~30 /irn. The SIMS analyses within FLD18.1 and FLD18.2 are shown below. 455 
F.7 Location of the SIMS analyses in agglomerates FLD18.2 (interior agglomerate) 
and FLD18.1 (exterior agglomerate) associated with the host FLD18 during 2016 
and 2017 NanoSIMS analytical campaigns, respectively. The inset of showing 
FLD18.1 is a BSE image while the inset showing FLD18.2 is an A1 composi¬ 
tional map to better highlight the compositional interface. 235 U/ 238 U, U/ 30 Si, 
and U/ 42 Ca ratios were measured. The SIMS analyses craters are square rasters 
with dimensions 15x15 /fm .456 
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F.8 Location of the SIMS analyses in sample FLD20 conducted during a 2015 ana¬ 
lytical campaign at LANL with a CAMECA IMS-1280. 23 5U/ 238 U and 234 U/ 238 U 
ratios were measured. The SIMS analyses craters are square rasters with dimen¬ 
sions ~30 fim x ~30 (ttm.457 

F.9 Location of the SIMS analyses in agglomerates FLD23.1.1, FLD23.1.2, FLD23.1.3, 
and one analysis in host FLD23 conducted during a 2016 analytical campaign 
with a CAMECA NanoSIMS. 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios were mea¬ 
sured. The SIMS analyses craters are square rasters with dimensions 15 x 15 jum. 458 
F.10 BSE image showing the location of the SIMS analyses in agglomerates FLD23.2.1, 
FLD23.1.2, and two analyses in host FLD23 conducted during a 2016 analytical 
campaign with a CAMECA NanoSIMS. 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios 
were measured. The SIMS analyses craters are square rasters with dimensions 


15x15 jum.459 

F.ll BSE image showing the location of the SIMS analyses in agglomerates FLD23.3.1 
and FLD23.3.2 during a 2016 analytical campaign with a CAMECA NanoSIMS. 
235 U/238u, U/ 30 Si, and U/ 42 Ca ratios were measured. The SIMS analyses craters 

are square rasters with dimensions 15 x 15 /m i.460 

F.12 BSE image showing the location of the SIMS analyses in agglomerates FLD23.4.1, 
FLD23.4.2, and FLD23.5.1 during a 2016 analytical campaign with a CAMECA 
NanoSIMS. 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios were measured. The SIMS 
analyses craters are square rasters with dimensions 15x15 /xm.461 


F.13 BSE image showing the location of the SIMS analyses in agglomerate FLD23.L 
during a 2017 analytical campaign with a CAMECA NanoSIMS. One analysis 
was performed within the agglomerate and one analysis overlapped the inter¬ 
face between FLD23.L and FLD23. 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios were 
measured. The SIMS analyses craters are square rasters with dimensions 15x15 

jum.462 

F.14 Locations of the SIMS analyses in agglomerates FLD4.3.1 (analysis FLD43-NS17- 
1), FLD4.3.2 (analysis FLD43-NS17-2), FLD4.3.3 (analyses FLD43-NS17-3 and 
FLD43-NS17-4), FLD4.3.5 (analysis FLD43-NS17-6), and the host FLD4.3 (anal¬ 
ysis FLD43-NS17-5) during a 2017 analytical campaign with a CAMECA NanoSIMS. 
235 U/238u, U/ 30 Si, and U/ 42 Ca ratios were measured. The SIMS analyses craters 

are square rasters with dimensions 15 x 15 jum.463 

F.15 A1 compositional map showing the location of the SIMS analyses in the host 
of sample U1A conducted during a 2015 analytical campaign at LANL with a 
CAMECA IMS-1280. 235 U/ 238 U, 234 U/ 238 U, and 236 U/ 238 U ratios were measured. 

The SIMS analyses craters are square rasters with dimensions ~30 /irn x ~30 /irn. 464 
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F.16 A1 compositional map showing the location of the SIMS analyses in the host 
of sample U1B conducted during a 2015 analytical campaign at LANL with a 
CAMECA IMS-1280. Analyses U1B-LANL-2 and U1B-LANL-11 and analyses 
U1B-LANL-3 and U1B-LANL-12 were performed in the same location. 235 U/ 238 U, 

234 U/ 238 U, and 236 U/ 238 U ratios were measured. The SIMS analyses craters are 
square rasters with dimensions ~30 /mi x ~30 /mi. Analyses performed in U1B.L 

and U1B.2 are shown below.465 

F.17 A1 and Si compositional maps showing the location of the SIMS analyses in 
agglomerates U1B.2 and U1B.L during 2016 and 2017 analytical campaigns with 
a CAMECA NanoSIMS. 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios were measured. 

The SIMS analyses craters for all analyses within the agglomerates are square 
and have dimensions 15x15 /mi. The NanoSIMS analysis over the interface of 

U1B.L (U1B-NS17-2) is square and has dimensions 20x20 /mi.466 

F.18 BSE image showing the location of the SIMS analyses in the host of sample U2 
conducted during a 2012 analytical campaign at LLNL with a CAMECA IMS- 
3f (analyses denoted with red circles, marked with serif numbers) and a 2013 
analytical campaign at LANL with a CAMECA IMS-1280 (analyses denoted with 
yellow squares and marked with sans-serif numbers). 235 u/ 238 U were measured 
for both analytical campaigns and 234 U/ 238 U and 236 U/ 238 U ratios were measured 
during the IMS-1280 analyses. The IMS-3f analytical craters are approximately 
circular with diameters ~15-30 /mi and the IMS-1280 analytical craters are square 

rasters with dimensions ~30 /mi x ~30 /mi.467 

F.19 A1 compositional map showing the location of the SIMS analyses in the host 
and associated agglomerates of sample U3 conducted during a 2012 analytical 
campaign at LLNL with a CAMECA IMS-3f (analyses denoted with red cir¬ 
cles, marked with serif numbers) and a 2013 analytical campaign at LANL with 
a CAMECA IMS-1280 (analyses denoted with yellow squares and marked with 
sans-serif numbers). Agglomerates are marked in white. 235 U/ 238 U and U/ 30 Si ra¬ 
tios were measured during the IMS-3f analyses in 2012 and 235 U/ 238 U, 234 U/ 238 U, 
and 236 U/ 238 U ratios were measured during the IMS-1280 analyses. The IMS-3f 
analytical craters are approximately circular with diameters ~ 15-30 /irn and the 
IMS-1280 analytical craters are square rasters with dimensions ~30 /mi x ~30 
H m. The analysis marked “N.D.” denotes that no data was collected.468 
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F.20 A1 compositional map showing the location of the SIMS analyses in host U4 and 
its associated agglomerates characterized with SIMS conducted during a 2012 
analytical campaign at LLNL with a CAMECA IMS-3f (analyses denoted with 
red circles, marked with serif numbers) and a 2013 analytical campaign at LANL 
with a CAMECA IMS-1280 (analyses denoted with yellow squares and marked 
with sans-serif numbers). Agglomerates characterized with SIMS are marked in 
white. 235 U/ 238 U and U/ 30 Si ratios were measured during the IMS-3f analyses in 
2012 and 235 U/ 238 U, 234 U/ 238 U, and 236 U/ 238 U ratios were measured during the 
IMS-1280 analyses. The IMS-3f analytical craters are approximately circular with 
diameters ~ 15-30 /mi and the IMS-1280 analytical craters are square rasters with 
dimensions ~30 /mi x ~30 /mi. The location of the IMS-1280 analytical craters 
are approximate as they were too shallow to located by SEM after the SIMS 
analysis due to the short analytical times (these regions were analyzed using the 
multi-collector mode of the IMS-1280). 469 

K.l Location and smoothing width of the linear traverse across the Si interface of 
U1B.L (interior agglomerate) extracted from NanoSIMS raster analyses (shown 
overlaid with the 235 U 16 0/ 42 Ca isotope ratio image). The dimensions of the 
NanoSIMS raster are 20 /mi x 20 /mi with a resolution of 64 px x 64 px. The 
extracted traverse has a smoothing width of 20 pixels (6.25 /mi) wide and begins 
in U1B.L (bottom right of the image), traverses the interface, and ends in the 
host U1B.L (top left of the image).584 

K.2 Location and smoothing width of the linear traverse across the CaMgFe inter¬ 
face of FLD14.L (exterior agglomerate) extracted from NanoSIMS raster analyses 
(shown overlaid with the 235 U 16 0/ 42 Ca isotope ratio image). The dimensions of 
the NanoSIMS raster are 15 /mi x 15 /mi with a resolution of 64 px x 64 px. The 
extracted traverse has a smoothing width of 7 pixels (1.65 /mi) wide and begins 
in FLD14.L (right side of the image), traverses the interface, and ends in the host 
FLD14 (bottom left corner of the image). 586 

K.3 Location and smoothing width of the linear traverse across the Si interface of 
FLD23.L extracted from NanoSIMS raster analyses (shown overlaid with the 
235 U 16 0/ 42 Ca isotope ratio image). The dimensions of the NanoSIMS raster are 
15 /m i x 15 /mi with a resolution of 64 px x 64 px. The extracted traverse has a 
smoothing width of 40 pixels (~9.38 /mi) wide and begins in FLD23.L (top of the 
image), traverses the interface, and ends in the host FLD23 (bottom of image). 

There is an uncharacterized surface agglomerate visible in the bottom left of the 
image. 588 
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K.4 Location and smoothing width of the linear traverse across the Si interface of 
FLD4.3.3 extracted from NanoSIMS raster analyses (shown overlaid with the 
2 35 Ui 6 0/4 2 Ca isotope ratio image). The dimensions of the NanoSIMS raster are 
15 n m x 15 /irn with a resolution of 64 px x 64 px. The extracted traverse has a 
smoothing width of 17 pixels (~4 /irn) wide and begins in FLD4.3.3 (top left of 
the image), traverses the interface, and ends in the host FLD4.3 (bottom right of 

the image).590 

K.5 Location and smoothing width of the linear traverse across the CaMgFe and Si 
interface of FLD10.L extracted from NanoSIMS raster analyses (shown overlaid 
with the 235 U 16 0/ 42 Ca and 235 U 16 O/ 30 Si isotope ratio images). The dimensions 
of the NanoSIMS raster are 15 /mi x 15 /irn with a resolution of 64 px x 64 px. 

The extracted traverse has a smoothing width of 25 pixels (~5.86 /irn) wide and 
begins in the CaMgFe interface (top right of the image), traverses the Si interface, 
and ends in the host FLD10 (bottom left of the image). 592 





xlvi 


List of Tables 


1.1 Estimates for the amount of fallout produced in surface bursts as a function of 
phase (solid, melt, or vapor) when the material initially interacts with the fireball. 

The estimates have units of metric tons per kiloton of device yield. 4 

2.1 Table of sample IDs, basic physical properties, peak activity (shown as the max 

pixel value from a 16 bit autoradiograph image; see Section 2.7), and analyses 
performed. Samples are sorted by their cross-sectional area. The * and ** su¬ 
perscripts denote samples also characterized by Weisz et al. (2017) and Lewis 
et al. (2015), respectively. Samples that were not massed prior to polishing are 
denoted with a “n.m.” in the Mass column. 41 

3.1 Observed enrichment and depletion of major elements, the 235 U/ 30 Si ratio and 
235 U/ 238 U ratio at 9 interfaces (11 total interface scans: two scans were conducted 
across agglomerate Cl and C3) in 5 samples from Weisz [68]. This table sum¬ 
marizes Table 4.1 and Figures 4.17-4.26 from [68]. Interface compositions are 
considered enriched if a point within 1 /mi of the interface peak identified by 
Weisz (2016) is greater than the mean of concentrations or ratios between 1 and 


3 /mi on both sides of that interface. 75 

3.2 Table of agglomerates analyzed by EDS, sorted by sample. Also noted are the ag¬ 
glomerate attachment locations, their compositional interface type (as described 
in the text), and whether they were also analyzed by SIMS to measure their U 
isotopic composition ( 235 u/ 238 U ratio). 81 


4.1 Summary of historic measurements on BCR-1 (reproduced from [97]) compared 
with standardized EPMA measurements by Weisz (2016) [68]. Results from [68] 
assumed oxide stoichiometries, so no O or sum total is shown. The results that 


are outside lcr are highlighted in bold. 94 

4.2 Concentration, counts, and their associated uncertainties from a single EDS raster 
analysis (~10 /mi diameter raster, 30 s live time, ~15% dead time) on fallout 
sample U1B. These concentrations are typical for glassy fallout from this test. 
Elements are ordered by their K a X-ray energy. 94 









xlvii 


4.3 Mean, la, and 1RSD for 90 EDS rasters (raster diameter «10 /mi) on the BCR-1 

standard. This table shows the spot-to-spot precision of EDS analyses. 95 

4.4 Mean oxide values for major elements collected from 3,698 EDS raster measure¬ 
ments on 37 host fallout glasses. 101 

4.5 Comparison between EDS measurements on host objects (this study) and bulk 

dissolution measurements of fallout measured using ICP-MS [100]. 104 

4.6 Mean compositions of host objects calculated from the grid-based EDS raster 

analyses sorted by equivalent diameter. 107 

4.7 The mean compositions of host object population (n = 3, 698) and agglomerate 

population (n — 679) from EDS raster measurements. Ill 

4.8 Mean compositions of agglomerates measured using n EDS raster analyses across 
the agglomerates sorted by equivalent diameter. The first row shows the mean of 

all EDS raster analyses within all agglomerates. 112 

4.9 Percent deviation of average agglomerate compositions (Table 4.8) from the av¬ 
erage compositions of their host objects for 15 samples (Table 4.6).116 

4.10 Mean and standard deviations of bulk soil analyses (ICP-MS; data from [100]), 
average compositions of entire hosts, agglomerates, and agglomerates greater and 

less than 50 /xm in diameter (EDS). 129 

5.1 SIMS analysis campaigns (instrument and year) sorted by host object. Designa¬ 
tions in bold were analysis campaigns that specifically targeted comparing the U 
isotope ratio of agglomerates to the host objects they are attached or incorporated 

into. 135 

5.2 U concentrations and U isotopic ratios of the U-bearing glass standards as mea¬ 
sured by MC-ICP-MS. Included are the certified U isotopic ratios from the NBL 
CRM certificate for U500 and NFRM U-2 for comparison and reference. To calcu¬ 
late the fractionation factors, U500 MC-ICP-MS measurements were performed 
by K. Treinen and R. Williams and CAS-53-500 MC-ICP-MS measurements per¬ 


formed by G. Eppich were used (documented in [101]). 144 

5.3 Nominal compositions of the base glasses used to make the U500 standards and 

CAS-53-500 standard. 144 

5.4 Operating conditions for the analytical sessions in this study. “I (nA)” refers to 

the primary ion beam current and “mAm” to the approximate mass resolving 
power the instrument operated at. 148 

5.5 Mass table for IMS-3f SIMS measurements of fallout. This is a mono-collector 


system, so all ions were measured on the same EM, except when the intensity of 
30 Si + exceeded 10 6 cps, when measurements of 30 Si + was moved to the FC. 30 Si + 
was added in the latter half of the analysis campaign and was measured only 
samples U3 and U4. Before 30 Si + was added, the mass table consisted of masses 
248-254. Rest masses were used to allow the magnet to settle after large changes 
in magnetic field. 


150 

















xlviii 


5.6 Mass table for the 2015 IMS-1280 analytical session on fallout. This is a multi- 
collector system. A static magnetic held was used and the EMs were arranged 
to collect the ions listed. The 2012 IMS-1280 analytical session is documented 
in [60] and used a mono-collector setup for samples U1A, U1B, U2, and U3 and 
a multi-collector setup for sample U4 (identical to the setup in this table). The 
mono-collector setup analyzed the same ions listed below, but on a single EM. . 150 

5.7 Mass table for both the 2016 and 2017 NanoSIMS analytical sessions. While 

this is a multi-collector system, two magnetic fields were used, one that included 
light elements and ions of 235 U, and the other that only included the ions of of 
238 U. Note both the atomic and monoxide ions of 235 U and 238 U were analyzed. 
However, due to the higher secondary ion yield of the monoxide ions, and there¬ 
fore, better precision, monoxide ratios were used in this study. Atomic ions of U 
were both measured on the same EM (EM4) and monoxide ions of U were both 
measured on the same EM (EM5). 151 

5.8 ( 235 U+ 238 U)/ 30 Si and ( 235 U+ 238 U)/ 42 Ca atomic ratios on U500 and CAS-53-500 
and their measured values from three different analytical sessions (assuming nomi¬ 
nal major element compositions and 5% uncertainties about those compositions). 
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6.1 Non-linear least square fits of the equation Afx + B to uncertainties from 53 
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abundances of Si). 199 
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6.3 Remaining outlying compositions after excluding high Si regions and measure¬ 
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6.5 Proportion of variance and cumulative proportion of variance explained by each 

PC of the PC analysis of the major element compositions of host objects. The 
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analyses in high CaO regions.221 

6.7 Comparison between variance explained by PCs for the PC model generated 
using the EDS host data excluding Na (used for SIMS and EDS combined mea¬ 
surements) and EDS host data including Na (Table 6.5). Five PCs are retained 

for both models, denoted by the horizontal line.224 

6.8 Compositions of outlying measurements in sample U2 with their PCI and PC2 

coordinates arranged by their 235 U/ 238 U ratio.231 


8.1 Summary of initial findings on CaMgFe interfaces, as first reported by Weisz 
(2016) and Weisz et al. (2017) showing the relative enrichment or depletion 
of major element oxides, the 235 U/ 30 Si ratio and 235 u/ 238 U ratio at 9 interfaces 
(11 total interface scans: two scans were conducted across agglomerates Cl and 
C3) in five samples. This summary was determined using the supplemental data 
tables from [67], which was analyzed independently for this study. Interface 
compositions are considered enriched if a point within 1 /rm of the interface peak 
identified by Weisz et al. (2017) is greater than the mean of concentrations or 


ratios between 1 and 3 jum on both sides of the interface. 259 

8.2 Comparison of the mean Si interface composition (16 interfaces in 5 samples), 
CaMgFe interface composition (9 interfaces in 7 samples), and the mean host 
object composition from grid-based EDS analyses (37 hosts). 276 














9.1 Observed relative enrichments extracted from NanoSIMS isotope ratio images at 
the interface of 9 agglomerates (Weisz (2016)) for 235 U/ 238 U, 235 U/ 30 Si, 235 U/ 42 Ca, 
42 Ca/ 30 Si, and 235 U/ 238 U ratios. Interface compositions are considered enriched 
if a point within 1 jum of the interface (as identified by Weisz (2016)) is greater 
than the mean of the ratios between 1 and 3 p m on both the agglomerate and 
host object side of the interface. 291 

A.l Size, location, and frequency of agglomerates in 18 samples counted using A1 
and Si compositional maps. “Name” refers to agglomerates that were further 
characterized with EDS and/or SIMS. Interface types were confirmed with Si 
and Ca compositional maps. If, however, Ca enrichments were indeterminate, 
the interface type is labeled as indeterminate as a Si enrichment may be present 
at both Si interfaces and near CaMgFe interfaces. “% of Samp. Area” refers to 
the area occupied by the agglomerate relative to the sample (not just the host), 
expressed as a percentage. These data are used to generate Figures 3.8, 3.9, and 


3.10. 329 

B. l Compositions in hosts of 37 samples measured by EDS. Analytical procedure is 

detailed in Chapter 4. Uncertainties are calculated as detailed in Chapter 6. 

These data are also used to generate the PCA model in Chapter 6.334 

C. l Compositions of 58 agglomerates in 15 samples measured by EDS. Analytical 

procedure is detailed in Chapter 4. Uncertainties are calculated as detailed in 
Chapter 6. 396 


D.l Major element compositions (as wt.% oxides) of unmelted soil collected proxi¬ 
mate to ground zero analyzed with EDS rasters. Analyses were targeted and not 
collected in a grid-based pattern, unlike the host and agglomerate EDS analyses. 
Analytical procedure is detailed in Chapter 4. Uncertainties are calculated as 

detailed in Chapter 6.426 

D.2 Major element compositions (as wt.% oxides) of unmelted/partially melted re¬ 
gions in sample FLD10 measured using EDS rasters. Data were collected in a 
grid-based pattern like the host and agglomerate EDS analyses. Analytical proce¬ 
dure is detailed in Chapter 4. Uncertainties are calculated as detailed in Chapter 


6.429 

E.l Same spot variation of fallout and BCR-1. Shown in Figure 4.7.433 


E.3 90 measurements of the major element composition of the glass standard BCR-1 
using EDS raster analyses (raster diameter aTO /im). Data are presented here as 
oxide wt.%. Data are used in Figure 4.4 to show the deviations between EDS, 
EPMA, and literature values of BCR-1 and summarized in Table 4.3 to highlight 
the spot-to-spot precision of the EDS analyses.433 










E. 2 Volatilization of Na and K compositions in BCR-1 based on EDS raster diameters. 

Raster diameters of < 1 jum are “spot” analyses. Raster diameters were measured 
after the analyses using ImageJ [86]. Data are plotted in Figure 4.5.436 

F i 235 u/ 238 U measurem ents of U-bearing glass standards used to correct the ana¬ 
lytical data for fractionation and instrumental bias. These data were used to 
generate Figure 5.6. The rows in bold refer to the mean of the individual stan¬ 
dards measurements for that analytical campaign. Due to possible cont ami nation 
during the fabrication process, the ICP-MS measured values of the 235 U/ 238 U ra¬ 
tio are used instead of the certified values of the U dopant. The samples analyzed 
during each of these analytical campaigns is listed in Table 5.1. The operating 
conditions for each of the analytical campaigns is listed in Table 5.4.437 

F. 2 Fractionation-corrected SIMS measurements of the 235 U/ 238 U ratios in fallout. 

These data are used to generate Figures 5.17, 5.18, 5.20, 5.22, 5.24, 5.26 and 
Tables 5.9, 5.10, 5.11 in Chapter 5. “Sampled interface?” refers to whether 
the SIMS analytical crater sampled the agglomerate, the interface, and an in¬ 
significant portion of the host. These measurements are always included when 
calculating the agglomerates mean or median U isotope composition. “Sampled 
host?” refers to whether the SIMS analytical crater sampled the agglomerate, 
the interface, and significantly sampled the host. They are only included when 
calculated agglomerate compositions when noted (such as in Table 5.10). Both 
measurements are shown as blue triangles in Figure 5.24. 439 

F. 3 Fractionation-corrected SIMS measurements of the 235 U/ 238 U, 234 U/ 238 U, and 

236 U/ 238 U ratios in fallout. All measurements that included the minor isotopes 
of U were collected using LANL’s IMS-1280 and include a total of 172 measure¬ 
ments, approximately 53% of all measurements collected in this study. While 
all the measurements below include 234 U/ 238 U, only a subset also include the 
236 U/ 238 U ratio. The three agglomerates for for which the minor the isotope ratio 
was measured (U3.3, U3.4, and U3.5), were measurements that overlapped the 
compositional interface and also significantly sampled the host object in addition 
to the agglomerate.446 

G. l Compositions of SIMS analytical craters and the U isotope ratios measured in 

those craters. EDS measurements were conducted between 1-4 rasters per SIMS 
analytical crater. For single EDS rasters, the uncertainties of the EDS composi¬ 
tion is calculated as discussed in Chapter 6. For multiple EDS rasters, the data 
are the mean of the compositions and the uncertainties are the standard deviation 
of those measurements. Na 2 0 compositions are included in this table but should 
be disregarded, following the discussion and results in Chapter 5. Compositions 
and U isotope ratios for samples AA.B, AE.C, AG.D, and AH.E are extracted 
from the electronic annex of Weisz et al. (2016) and detailed in Chapter 5. . . . 471 
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H.l Means subtracted from each major element oxide and scaling factors so each 

major element oxide has unit variance prior to generating the PCA model. . . . 477 

H.2 Loadings of the principal components. Although the loadings for all PCs are 

listed, only the first 5 are retained.478 

H. 3 Percent deviation of the composition of each major element oxide from EDS 

rasters collected around SIMS craters relative to the EDS rasters collected across 
entire objects in a grid-based pattern. Na 2 0 is excluded, as discussed in Chapter 5479 

I. 1 MDS coordinates of the EDS grid data set of hosts and EDS measurements of 

agglomerates where each object’s composition is determined by its median compo¬ 
sition (derived from data in Appendices B and C and excluding MgO, as discussed 
in the text). The resulting MDS plot is shown in Figure 7.4. Each coordinate 
pair refers to the mean coordinates from 500 non-metric MDS models of 500 
randomly-generated UP matrices (Fig. 7.3). Uncertainties to refer to 2 standard 
deviation about these values.481 

1.2 MDS coordinates of the agglomerates and hosts characterized with both SIMS 

analyses and EDS rasters within/around the SIMS analysis craters. Each ob¬ 
ject’s composition is determined by its median composition (derived from data 
in Appendix G, excluding MgO, as discussed in the text). The resulting MDS 
plot is shown in the top left plot of Figure 7.6. Each coordinate pair refers to the 
mean coordinates from 500 non-metric MDS models of 500 randomly-generated 
UP matrices (Fig. 7.3). Uncertainties to refer to 2 standard deviation about 
these values.483 

1.3 Euclidean distances and distance percentiles of agglomerates from their host ob¬ 

jects for the major element only data (as shown in Figure 7.8). Euclidean dis¬ 
tances and distance percentiles correspond to mean values from 500 randomly 
generated UP matrices and the 2a uncertainties correspond to 2 standard devia¬ 
tions about this mean value.484 

1.4 Euclidean distances and distance percentiles of agglomerates from their host ob¬ 
jects for the combined major element/U isotopic data (as shown in Figure 7.9). 
Euclidean distances and distance percentiles correspond to mean values from 500 
randomly generated UP matrices and the 2cr uncertainties correspond to 2 stan¬ 
dard deviations about this mean value. Measurements in FLD4.3.1, FLD4.3.5, 

U3.3, U3.4, U3.5 consisted of single SIMS analyses that significantly sampled the 
host in addition to the interface and the agglomerate. While their Euclidean 
distances were calculated and are shown here, they are excluded from Figure 7.9 

and distance percentile calculations to avoid biasing the dataset.485 
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J.l Major element compositions (as wt.% oxides) from a line traverse across the 
interface of surface agglomerate B2 (from surface agglomerate B2 to exterior ag¬ 
glomerate B3) extracted from quantified EDS compositional maps. The EDS 
compositional maps were collected at a resolution of 3.9 pixels//mi. The smooth¬ 
ing width for this traverse was 75 pixels (19.0 /tm) wide. This is a CaMgFe 
interface and has been centered at x = 0 based on its FeO maximum. Peak 
points within 2cr of the FeO maximum are highligh ted in yellow. Uncertainties 

are 2SEOM.487 

J.2 Major element compositions (as wt.% oxides) from a line traverse across the inter¬ 
face of exterior agglomerate Cl (from agglomerate Cl to host AE.C) extracted 
from quantified EDS compositional maps. The EDS compositional maps were 
collected at a resolution of 7.4 pixels//mi. The smoothing width for this traverse 
was 100 pixels (13.6 /mi) wide. This is a CaMgFe interface and has been cen¬ 
tered at x — 0 based on the FeO maximum. Peak points within 2 a of the FeO 

maximum ai< njjfflh ffijjffi d:in -f \cl'lbw. Uncertainties are 2SEOM.489 

J.3 Major element compositions (as wt.% oxides) from a line traverse across the inter¬ 
face of exterior agglomerate C2 (from agglomerate C2 to host AE.C) extracted 
from quantified EDS compositional maps. The EDS compositional maps were 
collected at a resolution of 9.9 pixels//mi. The smoothing width for this traverse 
was 100 pixels (10.1 /ma) wide. This is a CaMgFe interface and has been centered 
at x = 0 based on the CaO maximum across the interface due to significantly 
different FeO compositions in the host and the agglomerate that render the in¬ 
terface difficult to find. (The CaO maximum from this traverse occurs in the 
agglomerate, but the interface is centered at x = 0.) Peak points within 2cr of 

the CaO maximum are HBHHHH in yelldiy. Uncertainties are 2SEOM.492 

J.4 Major element compositions (as wt.% oxides) from a line traverse across the inter¬ 
face of exterior agglomerate D1 (from agglomerate D1 to host AG.D) extracted 
from quantified EDS compositional maps. The EDS compositional maps were 
collected at a resolution of 4.1 pixels//mi. The smoothing width for this traverse 
was 125 pixels (30.8 /mi) wide. This is a CaMgFe interface and has been cen¬ 
tered at x = 0 based on the FeO maximum. Peak points within 2cr of the FeO 

maximum are Uncertainties are 2SEOM.496 

J.5 Major element compositions (as wt.% oxides) from a line traverse across the inter¬ 
face of exterior agglomerate D2 (from agglomerate D2 to host AG.D) extracted 
from quantified EDS compositional maps. The EDS compositional maps were 
collected at a resolution of 4.1 pixels//mi. The smoothing width for this traverse 
was 125 pixels (30.8 /im) wide. This is a CaMgFe interface and has been cen¬ 
tered at x — 0 based on the FeO maximum. Peak points within 2 a of the FeO 
maximum are Uncertainties are 2SEOM.498 
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J.6 Major element compositions (as wt.% oxides) from a line traverse across the in¬ 
terface of exterior agglomerate El (from agglomerate El to host AH.E) extracted 
from quantified EDS compositional maps. The EDS compositional maps were 
collected at a resolution of 4.8 pixels/pm. The smoothing width for this traverse 
was 100 pixels (21.1 pm) wide. This is a CaMgFe interface and has been centered 
at x — 0 based on the CaO maximum, due to anomalous behavior of FeO at the 
interface. Peak points within 2 a of the CaO maximum are highligh ted in yellow. 

Uncertainties are 2SEOM. 501 

J.7 Major element compositions (as wt.% oxides) from a line traverse across the 
interface of exterior agglomerate FLD10.L (from agglomerate FLD10.L to host 
FLD10) extracted from quantified EDS compositional maps. The EDS compo¬ 
sitional maps were collected at a resolution of 6.3 pixels/pm. The smoothing 
width for this traverse was 125 pixels (19.8 pm) wide. This is a double-layered 
CaMgFe and Si interface, but has been centered at x — 0 based on the FeO 
maximum. Peak points within 2 a of the FeO maximum are highligh ted in yellow. 

Uncertainties are 2SEOM. 505 

J.8 Major element compositions (as wt.% oxides) from a line traverse across the 
interface of exterior agglomerate FLD14.L (from agglomerate FLD14.L to host 
FLD14) extracted from quantified EDS compositional maps. The EDS composi¬ 
tional maps were collected at a resolution of 2.5 pixels/pm. The smoothing width 
for this traverse was 150 pixels (60.5 pm) wide. This is a CaMgFe interface and 
has been centered at x = 0 based on the FeO maximum. Peak points within 2a 
of the FeO maximum are Uncertainties are 2SEOM. . . . 508 

J.9 Major element compositions (as wt.% oxides) from a line traverse across the 
interface of exterior agglomerate FLD18.1 (from agglomerate FLD18.1 to host 
FLD18) extracted from quantified EDS compositional maps. The EDS compo¬ 
sitional maps were collected at a resolution of 11.5 pixels/pm. The smoothing 
width for this traverse was 175 pixels (15.2 pm) wide. This is a CaMgFe interface 
and has been centered at x = 0 based on the FeO maximum. Peak points within 
2cr of the FeO maximum are Fiiffvellj^. Uncertainties are 2SEOM. . 511 

J.10 Major element compositions (as wt.% oxides) from a line traverse across the 
interface of agglomerate FLD23.L (from agglomerate FLD23.L to host FLD23) 
extracted from quantified EDS compositional maps. This is an exterior agglom¬ 
erate with an Si interface and has been centered at x — 0 based on the Si0 2 
maximum. Peak points within 2cr of the Si0 2 maximum are highlighted in yel- 
low. Uncertainties are 2SEOM.514 
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J.ll Major element compositions (as wt.% oxides) from a line traverse across the in¬ 
terface of surface agglomerate FLD4.3.UA (from agglomerate FLD4.3.UA to host 
FLD4.3) extracted from quantified EDS compositional maps. The EDS composi¬ 
tional maps were collected at a resolution of 3.5 pixels//mi. The smoothing width 
for this traverse was 50 pixels (14.4 /mi) wide. This is a Si interface and has been 
centered at x = 0 based on the Si02 maximum. Peak points within 2cr of the 

Si02 maximum are HHHH yellow. Uncertainties are 2SEOM. 517 

J.12 Major element compositions (as wt.% oxides) from a line traverse across the inter¬ 
face of surface agglomerate FLD14.1 (from agglomerate FLD14.1 to host FLD14) 
extracted from quantified EDS compositional maps. The EDS compositional 
maps were collected at a resolution of 5.8 pixels//mi. The smoothing width for 
this traverse was 250 pixels (42.6 /ma) wide. This is a Si interface and has been 
centered at x — 0 based on the SiCU maximum. Peak points within 2cr of the 

Si02 maximum are J|fghlightj:|l in yellowy. Uncertainties are 2SEOM. 519 

J.13 Major element compositions (as wt.% oxides) from a line traverse across the in¬ 
terface of surface agglomerate FLD23.1.1 (from agglomerate FLD23.1.1 to host 
FLD23) extracted from quantified EDS compositional maps. The EDS composi¬ 
tional maps were collected at a resolution of 4.7 pixels//mi. The smoothing width 
for this traverse was 125 pixels (26.4 /mi) wide. This is a Si interface and has 
been centered at x = 0 based on the Si0 2 maximum. Peak points within 2cr of 

the Si0 2 maximum are il^lH!MB^p^^lll^ . Uncertainties are 2SEOM.525 

J.14 Major element compositions (as wt.% oxides) from a line traverse across the in¬ 
terface of surface agglomerate FLD23.1.2 (from agglomerate FLD23.1.2 to host 
FLD23) extracted from quantified EDS compositional maps. The EDS composi¬ 
tional maps were collected at a resolution of 4.7 pixels//im. The smoothing width 
for this traverse was 125 pixels (26.4 /mi) wide. This is an Si interface and has 
been centered at x — 0 based on the SiCU maximum. Peak points within 2 a of 

the SiCU maximum are highlighted in yellow. Uncertainties are 2SEOM.528 

J.15 Major element compositions (as wt.% oxides) from a line traverse across the in¬ 
terface of surface agglomerate FLD23.1.3 (from agglomerate FLD23.1.3 to host 
FLD23) extracted from quantified EDS compositional maps. The EDS composi¬ 
tional maps were collected at a resolution of 4.7 pixels//mi. The smoothing width 
for this traverse was 100 pixels (21.1 /mi) wide. This is an Si interface and has 
been centered at x — 0 based on the SiCU maximum. Peak points within 2 a of 

the SiCU maximum are highlighted in yellojy. Uncertainties are 2SEOM.531 

J.16 Major element compositions (as wt.% oxides) from a line traverse across the in¬ 
terface of surface agglomerate FLD23.2.1 (from agglomerate FLD23.2.1 to host 
FLD23) extracted from quantified EDS compositional maps. The EDS composi¬ 
tional maps were collected at a resolution of 7.4 pixels//mi. The smoothing width 
for this traverse was 100 pixels (13.5 /ma) wide. This is an Si interface and has 
been centered at x = 0 based on the Si0 2 maximum. Peak points within 2cr of 
the Si0 2 maximum are HHlillSB^llSi^il?l^ . Uncertainties are 2SEOM.534 
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J.17 Major element compositions (as wt.% oxides) from a line traverse across the in¬ 
terface of surface agglomerate FLD23.2.2 (from agglomerate FLD23.2.2 to host 
FLD23) extracted from quantified EDS compositional maps. The EDS composi¬ 
tional maps were collected at a resolution of 7.4 pixels//mi. The smoothing width 
for this traverse was 125 pixels (16.9 /un) wide. This is an Si interface and has 
been centered at x — 0 based on the Si02 maximum. Peak points within 2 a of 

the Si02 maximum are highlighted in yellow. Uncertainties are 2SEOM.537 

J.18 Major element compositions (as wt.% oxides) from a line traverse across the in¬ 
terface of surface agglomerate FLD23.3.1 (from agglomerate FLD23.3.1 to host 
FLD23) extracted from quantified EDS compositional maps. The EDS composi¬ 
tional maps were collected at a resolution of 3.7 pixels//mi. The smoothing width 
for this traverse was 90 pixels (24.2 /mi) wide. This is an Si interface and has 
been centered at x — 0 based on the SiCU maximum. Peak points within 2 a of 

the Si02 maximum are highlighted in yellc%j Uncertainties are 2SEOM.540 

J.19 Major element compositions (as wt.% oxides) from a line traverse across the in¬ 
terface of surface agglomerate FLD23.3.2 (from agglomerate FLD23.3.2 to host 
FLD23) extracted from quantified EDS compositional maps. The EDS composi¬ 
tional maps were collected at a resolution of 3.7 pixels//mi. The smoothing width 
for this traverse was 50 pixels (13.5 /ma) wide. This is an Si interface and has 
been centered at x = 0 based on the Si0 2 maximum. Peak points within 2cr of 

the Si0 2 maximum are Uncertainties are 2SEOM.542 

J.20 Major element compositions (as wt.% oxides) from a line traverse across the in¬ 
terface of surface agglomerate FLD23.4.1 (from agglomerate FLD23.4.1 to host 
FLD23) extracted from quantified EDS compositional maps. The EDS composi¬ 
tional maps were collected at a resolution of 6.0 pixels//mi. The smoothing width 
for this traverse was 75 pixels (12.5 /mi) wide. This is an Si interface and has 
been centered at x — 0 based on the SiCU maximum. Peak points within 2 a of 

the SiCU maximum are highlighted in yellow. Uncertainties are 2SEOM.544 

J.21 Major element compositions (as wt.% oxides) from a line traverse across the in¬ 
terface of surface agglomerate FLD23.4.2 (from agglomerate FLD23.4.2 to host 
FLD23) extracted from quantified EDS compositional maps. The EDS composi¬ 
tional maps were collected at a resolution of 6.0 pixels//mi. The smoothing width 
for this traverse was 75 pixels (12.5 /mi) wide. This is an Si interface and has 
been centered at x — 0 based on the SiCU maximum. Peak points within 2 a of 

the SiCU maximum are highlighted in yellqjy. Uncertainties are 2SEOM.546 

J.22 Major element compositions (as wt.% oxides) from a line traverse across the in¬ 
terface of surface agglomerate FLD23.5.1 (from agglomerate FLD23.5.1 to host 
FLD23) extracted from quantified EDS compositional maps. The EDS composi¬ 
tional maps were collected at a resolution of 6.0 pixels//mi. The smoothing width 
for this traverse was 100 pixels (16.6 /ma) wide. This is an Si interface and has 
been centered at x = 0 based on the Si0 2 maximum. Peak points within 2cr of 
the Si0 2 maximum are Uncertainties are 2SEOM.549 
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J.23 Major element compositions (as wt.% oxides) from a line traverse across the 
interface of surface agglomerate U1B.2 (from agglomerate U1B.2 to host U1B) 
extracted from quantified EDS compositional maps. The EDS compositional 
maps were collected at a resolution of 7.15 pixels/pm. The smoothing width for 
this traverse was 125 pixels (17.5 pm) wide. This is a Si interface and has been 
centered at x — 0 based on the Si02 maximum. Peak points within 2cr of the 

Si02 maximum are BjighliglitedHih yellow. Uncertainties are 2SEOM. 552 

J.24 Major element compositions (as wt.% oxides) from a line traverse across the 
interface of agglomerate U3.1 (from agglomerate U3.1 to host U3) extracted from 
quantified EDS compositional maps. The EDS compositional maps were collected 
at a resolution of 3.3 pixels/pm. The smoothing width for this traverse was 150 
pixels (45.1 pm) wide. This is an Si interface and has been centered at x = 0 
based on the SiCU maximum. Peak points within 2cx of the SiCU maximum are 

hi ghlight odj.nTypfhm . Uncertainties are 2SEOM. 554 

J.25 Major element compositions (as wt.% oxides) from a line traverse across the inter¬ 
face of surface agglomerate U4.1 (from agglomerate U4.1 to host U4) extracted 
from quantified EDS compositional maps. The EDS compositional maps were 
collected at a resolution of 6.5 pixels/pm. The smoothing width for this traverse 
was 200 pixels (30.9 pm) wide. This is a Si interface and has been centered at 
x = 0 based on the Si0 2 maximum. Peak points within 2cr of the Si0 2 maxi¬ 
mum are Uncertainties are 2SEOM. However, there is no 

significant enrichment at the interface, so x = 0 may not correspond to the exact 

location of the interface. 558 

J.26 Major element compositions (as wt.% oxides) from a line traverse across the 
interface of agglomerate FLD4.3.1 (from agglomerate FLD4.3.1 to host FLD4.3) 
extracted from quantified EDS compositional maps. The EDS compositional 
maps were collected at a resolution of 3.5 pixels/pm. The smoothing width for 
this traverse was 50 pixels (14.4 pm) wide. This is a Si interface and has been 
centered at x — 0 based on the Si0 2 maximum. Peak points within 2a of the 

Si0 2 maximum are Uncertainties are 2SEOM. 563 

J.27 Major element compositions (as wt.% oxides) from a line traverse across the 
interface of agglomerate FLD4.3.3 (from agglomerate FLD4.3.3 to host FLD4.3) 
extracted from quantified EDS compositional maps. The EDS compositional 
maps were collected at a resolution of 3.5 pixels/pm. The smoothing width for 
this traverse was 50 pixels (14.4 pm) wide. This is a Si interface and has been 
centered at x = 0 based on the SiCU maximum. Peak points within 2cr of the 
FeO maximum are Kfgfibght od-ui*X ol'low l ncertainties are 2SEOM.565 
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J.28 Major element compositions (as wt.% oxides) from a line traverse across the 
interface of interior agglomerate FLD4.3.5 (from agglomerate FLD4.3.5 to host 
FLD4.3) extracted from quantified EDS compositional maps. The EDS compo¬ 
sitional maps were collected at a resolution of 3.8 pixels//im. The smoothing 
width for this traverse was 100 pixels (26 /irn) wide. This is an Si interface and 
has been centered at x — 0 based on the Si02 maximum. Peak points within 2 a 
of the Si02 maximum are highlight ed in yellow. Uncertainties are 2SEOM. . . . 567 
J.29 Major element compositions (as wt.% oxides) from a line traverse across the inter¬ 
face of interior agglomerate FLD17.int.2 (from agglomerate FLD17.int.2 to host 
FLD17) extracted from quantified EDS compositional maps. This is a CaMgFe 
interface and has been centered at x = 0 based on the Si0 2 maximum. Peak 
points within 2cr of the Si0 2 maximum are Uncertainties 

are 2SEOM. 569 

J.30 Major element compositions (as wt.% oxides) from a line traverse across the 
interface of interior agglomerate FLD18.2 (from agglomerate FLD18.2 to host 
FLD18) extracted from quantified EDS compositional maps. The EDS composi¬ 
tional maps were collected at a resolution of 4.8 pixels //im. The smoothing width 
for this traverse was 125 pixels (26 /im) wide. The EDS compositional maps were 
collected at a resolution of 4.3 pixels //irn. The smoothing width for this traverse 
was 125 pixels (29 /irn) wide. This is an Si interface and has been centered at 
x = 0 based on the Si0 2 maximum. Peak points within 2cr of the Si0 2 maximum 

are l mvrtainties are 2SEOM.572 

J.31 Major element compositions (as wt.% oxides) from a line traverse across the 
interface of interior agglomerate U1B.L (from agglomerate U1B.L to host U1B) 
extracted from quantified EDS compositional maps. The EDS compositional 
maps were collected at a resolution of 8.1 pixels///nr. The smoothing width for 
this traverse was 250 pixels (19.8 /irn) wide. This is an Si interface and has been 
centered at x — 0 based on the SiCU maximum. Peak points within 2cr of the 

Si0 2 maximum are . Uncertainties are 2SEOM. 574 

J.32 Major element compositions (as wt.% oxides) from a line traverse across the inter¬ 
face of interior agglomerate U4.2 (from agglomerate U4.2 to host U4) extracted 
from quantified EDS compositional maps. The EDS compositional maps were 
collected at a resolution of 3.4 pixels ///rn. The smoothing width for this traverse 
was 225 pixels (65.5 /irn) wide. This is an Si interface and has been centered at 
x — 0 based on the SiCU maximum. Peak points within 2a of the SiCU maximum 
are highlight e,<b4»'yellgwj Uncertainties are 2SEOM.579 
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K.l Isotope ratios of a linear traverse across the Si interface U1B.L (beginning in 
U1B.L and ending in the host U1B) extracted from NanoSIMS rasters using 
L’image. The location of the interface is highlighted in yellow and was identi¬ 
fied by visual inspection and the location of the U/ 42 Ca maximum (caused by 
a depletion in Ca and invariability in the 235 u/ 238 U ratio across the interface). 

Uncertainties are 2 a . 583 

K.2 Isotope ratios of a linear traverse across the CaMgFe interface of FLD14.L (be¬ 
ginning in FLD14.L and ending in the host FLD14) extracted from NanoSIMS 
rasters using L’image. The location of the interface is Bifllll'igiitod\i i nArand 
was identified by visual inspection and the location of the 235 U/ 238 U, U/ 30 Si, and 

U/ 42 Ca maxima, which are coincident. Uncertainties are 2cr.585 

K.3 Isotope ratios of a linear traverse across the Si interface of FLD23.L (beginning 
in FLD23.L and ending in the host FLD23) extracted from NanoSIMS rasters 
using L’image. The location of the interface is highlighted in yellow and was 
identified by visual inspection and the location of the U/ 30 Si minimum (which is 
approximately coincident with the U/ 42 Ca minimum). Uncertainties are 2a. . . 587 

K.4 Isotope ratios of a linear traverse across the Si interface of FLD4.3.3 (beginning 
in FLD4.3.3 and ending in the host FLD4.3) extracted from NanoSIMS rasters 
using L’image. The location of the interface is yell^ and was 

identified by visual inspection and the location of the U/ 42 Ca maximum, due to 

the slight depletion of Ca at the interface. Uncertainties are 2cr.589 

K.5 Isotope ratios of a linear traverse across the double-layered CaMgFe and Si inter¬ 
face of FLD10.L (beginning in CaMgFe interface and ending in the host FLD10.L) 
extracted from NanoSIMS rasters using L’image. The location of the interfaces 
are MWMKMiiilifejlilS and was identified by visual inspection and the loca¬ 
tion of the U/ 30 Si maximum (for the CaMgFe interface, which appears first) and 
minimum (for the Si interface). Uncertainties are 2cr.591 
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Chapter 1 
Introduction 


The effects of nuclear weapons have been recognized since the Trinity test in 1945, and 
studied in depth since the U.S. began an extensive nuclear testing campaign in 1951. In a 
nuclear test, the prompt release of neutrons and 7 -rays, which are mostly captured within 
the device, and the rapid deposition and absorption of highly energetic fission products and 
7 -rays into the surrounding device creates temperatures on the order of millions of Kelvin, 
vaporizing and ionizing the device and other surrounding material [1]. This high pressure, 
high temperature plasma constitutes the initial fireball and rapidly expands, vaporizing air 
and other material as the fireball grows, forming a dense shock front that propagates outward 
faster than the hreball’s diameter increases [1, 2 ], Combinations of prompt effects can have 
an enormously destructive impact on the surrounding environment. The weapon effect with 
the longest-lasting impact, however, is the formation and spread of fallout following a nuclear 
explosion, which consists of residual and induced radioactivity that spreads post-detonation 
into the environment. 

Fallout from nuclear explosions consists of “early” or “local” fallout, which deposits 
near and downwind from ground zero shortly after the explosion (defined as particles that 
settle within the first 24 hours) and “global” or “delayed” fallout, which consists of sub¬ 
micron particles that deposit in the atmosphere and settles over great distances in very low 
concentrations [2], The sources of the radioactivity in fallout are fission products, U or Pu 
fuel that escaped fission (“unfissioned” or “residual” fuel), and activation species induced 
in weapon debris or any surrounding material [2], These radionuclides are spread by the 
considerable air currents and the rapidly expanding and rising fireball [ 2 ]. 

Fallout formation has been studied and modeled to understand how radionuclides parti¬ 
tion into fallout particles of different sizes and how these particles may move in the surround¬ 
ing environment following a detonation to understand health hazards and inform responses 
for the military, public, and the environment both close to and far from ground zero [3]. 
While fallout formation models were originally created for the purpose of military and civil 
defense, the threat of nuclear terrorism in urban environments is now pervasive. To best 
inform the public and first responders about how to respond to the hazards fallout poses 
in such a catastrophic scenario requires the adaptation of formation models to predicting 
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the formation and distribution of radioactivity in previously untested environments. In ad¬ 
dition, an ability to predict basic chemical and physical properties for fallout in untested 
environments is necessary for post-detonation nuclear forensics. The fidelity of these historic 
fallout formation models in new and untested environments is not well constrained given 
the limited historic testing environments and the sensitivity of fallout formation to the sur¬ 
rounding materials available to be incorporated into the fireball [4]. While fallout formation 
models have been refined over decades, they remain highly empirical and rely on historic 
testing data from a limited set of testing environments. Specifically, detonations were largely 
conducted in atmospheric, marine, or desert environments [5]. These historic data show that 
fallout formation is sensitive not only to the height of detonation (affecting the timing and 
mass of environmental material incorporation into the fireball), but also to the composition 
of the surrounding lithology [5]. This dissertation pursues new research into understanding 
fundamental processes affecting environment-bomb vapor interactions. 


1.1 Historical and modern motivations for studying 
fallout 

In the nuclear testing era, fallout was primarily studied to understand the residual effects 
of nuclear explosions close to ground zero. Studies focused on understanding the transport 
and deposition of radioactivity post-detonation (e.g., [6, 7]). To this end, authors charac¬ 
terized fallout patterns, and the radiological, physical, and chemical properties of fallout 
[6]. Defense researchers developed models for the formation and spread of fallout, using 
empirical data to predict how radionuclides would partition in fallout and hydrodynamic 
physics to predict other nuclear weapon effects and how fallout particles would be dispersed 
in different detonation environments [8]. These preliminary studies created the foundation 
for semi-empirical models attempting to predict fallout chemistry and transport, and ulti¬ 
mately, fallout formation. 

Recently, there has been a renewed interest in studying fallout produced in atmospheric 
detonations (discussed below in Section 1.4). Samples from surface detonations are readily 
available: trinitite, or irregularly-shaped fallout produced in the Trinity test can be readily 
purchased from mineral dealers. Atmospheric and near-surface detonations also represent 
a plausible detonation scenario in the case of a nuclear attack by both state and non-state 
actors [9]. In addition, detonations near the Earth’s surface represent the greatest fallout 
hazard because they can activate and disperse radioactivity in many thousands of tons of 
environmental material for each kT of yield, and distribute it both locally and globally 
[10]. Finally, surface bursts are particularly interesting phenomenologically: their formation 
processes remain the most poorly understood and the fallout patterns the most difficult to 
predict because of the complex coupling between the device, the ground, and air. Because 
of the these different interactions and the wide range of material that can be incorporated 
into the fireball, near-surface detonations also produce the most diverse morphologies and 





CHAPTER 1. INTRODUCTION 


3 


sizes of fallout [4, 11], 

Most recent studies of fallout have been analytical. 1 Given modern analytical techniques, 
which provide the ability to characterize fallout on a scale and with an accuracy and pre¬ 
cision far exceeding the technology available in the 1950s-1970s, researchers have begun 
to re-investigate fallout to better understand the high temperature, complex environment 
present in the fireball. With advances in computational power, researchers are also interested 
in better understanding fallout formation to create predictive models more reliant on first- 
principles, which may more accurately predict how fallout may form in new and untested 
environments (most notably Moresco (2012) [12]). Such models may better represent how 
radionuclides will contaminate the environment, which can inform health and safety proce¬ 
dures or emergency responders following a detonation. In addition, a better understanding 
of weapons effects or radionuclide chemistry in the fireball will also help inform nuclear 
forensics investigators on which samples to collect, how best to analyze them, and possible 
interpretations for their results. 


1.2 Fallout formation 

How fallout forms, how much debris is produced, and its chemical and isotopic characteristics 
are highly dependent on the detonation environment [4, 13]. For example, in air burst debris, 
where the device was detonated high in the atmosphere, the total mass of fallout formed 
is small. Fallout samples collected on air filter several hours post-detonation tend to have 
modal diameters on the order of hundreds of nanometers, mean diameters on the order 
of microns, are spherical, highly radioactive and are composed primarily of Fe oxide, A1 
oxide, Pu, and/or U, resembling recondensed device debris [4, 14, 15]. In contrast, during 
a detonation near the Earth’s surface, the fireball may interact with and incorporate large 
amounts of inert environmental material or man-made structures, such as soil or a detonation 
platform. As a result, the amount of fallout and its size distribution tends to become much 
wider (mean diameter may only be tens to hundreds of microns, but dimensions may range 
from hundreds of nanometers to centimeters in diameter, depending on the amount and 
size distribution of the incorporated surrounding material) and the total mass of fallout 
generated is greater. Fallout generated in surface detonations are largely representative of 
the surrounding lithology 2 and its specific activity can be 10 4 -10 7 times lower than airburst 
debris (Table 1.1) [4, 10, 17-19], 

Estimates for the amount of fallout produced in surface bursts varies widely (Table 1.1). 
Key estimates are contained in Izrael (2002), the National Research Council (1985), Miller 
(1960), and Freiling (1962) [10, 11, 20, 21], The 100-120 tons per kiloton (T/kT) estimate 

1 The work of Izrael (2002) is the notable exception. First translated to English in 2002, he has best 
synthesized the English and Russian historic work on fallout and contributed several careful calculations on 
fallout formation phenomena that are now considered a benchmark study in the fallout literature [10]. 

Excluding C, which usually is present as a carbonate, and decomposes at low temperatures into CO 2 
[16]. 
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from the National Research Council is the total mass of melt produced per kT of device 
yield; they then estimate only half this melt would leave the crater, so only half the 100-120 
T/kT of melt would be available for fallout formation [11]. Miller uses scaling laws presented 
in The Effects of Nuclear Weapons and a uniform soil density of 1.76 g/cm 3 to estimate the 
total mass of soil thrown out of a crater in a surface detonation [2, 20]. This ignores material 
brought into from outside the crater by the strong afterwinds. Finally, the Freiling estimate 
comes from the Rainier shot, a nuclear test that was detonated 800 feet in an underground 
tunnel with a yield of 1.7 kT. Similar to the National Research Council, to estimate the 
amount of soil vaporized and melted from a device placed directly on the Earth’s surface, 
the data have been divided by two [21], In addition, multiple fallout morphologies are 
observed because the fireball may entrain surrounding material into the plasma as a vapor, 
melt, or solid. 

Table 1.1: Estimates for the amount of fallout produced in surface bursts as a function of phase (solid, melt, 
or vapor) when the material initially interacts with the fireball. The estimates have units of metric tons per 
kiloton of device yield. 


Study 

Solid 

(T/kT yield) 

Melt 

(T/kT yield) 

Vapor 

(T/kT yield) 

Total 

(T/kT yield) 

Izrael [10] 

5000 

155-198.5 

1.5-25 

5155-5200 

National Research Council [11] 

5000 

100-120 

60 

5160-5180 

Miller [20] 

- 

- 

- 

5030 

Freiling [21] 

- 

250 

0.4 

- 


Fallout from air bursts 

In the simplest detonation scenario, the high-altitude air burst, the fireball never makes 
contact with the Earth or any surrounding structures. Vaporized device debris only interacts 
with itself (the device casing, fission products, and unfissioned fuel), entrained air, and 
possibly molten or vaporized dust and or other particulates to produce fallout [14], As 
the fireball cools below several thousand K, two primary processes occur: condensation 
(vapor-liquid or vapor-solid collisions) and agglomeration (liquid-liquid collisions). In an 
air burst, these two processes are predominantly responsible for the resulting activity-size 
distribution of the fallout (how activity is distributed among fallout of different sizes) and 
the size distribution in fallout, respectively [12], 

As the fireball cools below several thousand K, vaporized species begin to condense onto 
available surfaces, such as entrained solid or molten dust particulates, driven to condensation 
by the difference in Gibbs free energy between the vapor and liquid states [22], Absent any 
condensing surfaces (i.e., material in the liquid or solid phase) this would have to happen 
“spontaneously”. That is, given a high enough supersaturation of a vaporized species in a 
small enough volume, there is a probability many atoms in the gas phase will collide and 
form small, stable embryonic droplets that remain intact and act as a condensing surface 
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for other vaporized species, a process known as homogeneous nucleation [22], However, and 
more likely, entrained dust or other particulates are entrained in the fireball and act as 
condensation sites, which reduces the supersaturation levels required to allow a species to 
condense This rapidly enhances the phase transformation to a liquid as the temperature 
drops, a process known as heterogeneous nucleation [22, 23]. 

The timing of a particular elemental or molecular species condensing is predominantly 
controlled by the chemical or molecular volatility of the species, as well as the relevant vapor¬ 
ization/condensation temperature. Variations in relative volatility lead to different fission 
product mass chains preferentially partitioning into fallout at different times, a phenomenon 
known as chemical fractionation [5, 24], 

Once in the liquid phase, fallout droplets may collide due to the turbulent motion in the 
fireball. These collisions may simply be glancing, resulting in no change in particle mass, 
may break up melts into smaller particles, or may cause the objects to coalesce into a single, 
larger particle, a process known as agglomeration (also called coagulation or coalescence by 
other authors) [25]. This continuous process of condensation and agglomeration continues 
until the fireball drops below the melting point of the molten particles and/or the particles 
exit the fireball, after which they are deposited globally as fallout [24]. Fallout collected from 
these tests are often called “primary” condensates because they better resemble condensed 
device debris [4, 24], 

The two mechanisms of condensation and agglomeration form the modern basis for un¬ 
derstanding fallout formation in other, more complicated detonation scenarios [24], Using 
only the theory of agglomeration, Stewart (1956), and later Nathans et al. (1970), were able 
to successfully model and match the observed shape of size distribution of fallout from air 
burst debris [14, 25, 26]. Both neglected condensation as a process that significantly con¬ 
tributed to the growth of primary condensates, but instead focused on the agglomeration of 
colliding molten fallout particles. Their theories were able to reproduce the observed shape 
of the size distribution of these particles collected from air filters collected several hours 
post-detonation, which are well-described by a log-normal distribution (Fig. 1.1) [12, 14, 24, 
25]. However, by neglecting condensation, they always underestimated the mean diameter 
of the particles. Recently, Moresco (2012) showed that by assuming a continuous process of 
condensation before, during, and after agglomeration takes place, size distributions could be 
more accurately reproduced (i.e., after the particles solidify and can no longer agglomerate, 
they still grow by condensing material on their surfaces) [12], 

Fallout from surface bursts 

In the case of a surface burst, where the fireball of the detonation directly interacts with 
proximate environmental material (such as silicate soil), the situation becomes more complex. 
As surrounding material absorbs the energy of the blast, it may become incorporated into 
the fireball in a vaporized, molten, or solid state. In the latter two cases, the entrained 
material can act as a condensing surface for vaporized device material. Condensation and 
agglomeration of device material may no longer serve as primary controls on the formation 
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Diameter (pm) 


Figure 1.1: Observed size distribution from air-filter collections of debris from an air burst. Note the log 
x-axis and the approximately log-normal distribution, which is typical for published observations of air burst 
fallout. This size distribution is from a 200 kT air burst and samples were collected 4 hours post-detonation 
from the stem of the debris cloud [14]. Data for the plot were extracted from Fig. 9 in Nathans et al. (1970) 

[14]- 

of fallout. Instead, the size and activity distribution of the debris is affected by the time- 
varying incorporation of environmental material of some size distribution. The addition of 
the environmental material also has the added effect of significantly altering the cooling rate, 
growth rate, and size of the fireball [10]. Molten soil incorporated into the fireball is often 
called the “carrier material” or “inert material”, as it is thought to act as a condensing surface 
for vaporized radionuclides. These radionuclides subsequently diffuse or physically mix into 
(if molten), eventually becoming incorporated into the fallout carrier material matrix once 
the molten soil quenched, or, if the carrier is solid, simply coating the exterior [21]. 

Fallout formed in surface bursts tends to have major element compositions largely rep¬ 
resentative of the surrounding lithology or structural material, with fission products, unfis¬ 
sioned fuel, and activation products present in trace quantities [27, 28]. Not only is fallout 
from surface bursts representative of the surrounding local material, it also appears to be 
strongly influenced by it—with the parameters of the size distribution of fallout (i.e., the 
mean size and standard deviation) generated in surface bursts being dependent on the size of 
the soil, coral, or rocks in the immediate vicinity [25, 27]. For example, several studies of size 
distributions of fallout generated from near-surface bursts over silicate soil have indicated 
~100 /irn for the mean particle diameter of fallout deposited close to ground zero versus ~150 
jum for bursts over coral, such as on a Pacific island [10, 27]. However, some device material 
may interact little with the surrounding material, and instead remain in the fireball and be 
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injected into the stratosphere to spread globally. As a result, debris from surface bursts may 
represent two or more chemically-distinct populations, each of which underwent different 
formation processes, and so appear as the convolution as multiple log-normal distributions 
when samples are collected from the ground, early fireball, and atmosphere. This is often 
referred to as the “Heft distribution” of fallout, named for the author that first hypothesized 
it (Fig. 1.2) [27], 



Figure 1.2: Size distribution (determined by mass) from a surface burst after Heft (1970) [27]. The x-axis 
has units of log of particle diameter in pm. The y-axis shows the relative weight each of the size fractions 
less than approximately 200 pm (each data point), which was used to determine the relative abundance 
of each of the size fractions in the “early cloud” log-normal distribution. Each point corresponds to a size 
fraction of fallout particles collected from air filter samples. The “local fallout” log-normal distribution is 
from ground collections from the same test and does not include data points, but only a curve representing 
the observed distribution. The existence of three distinct particle populations (specifically the population 
at the smallest size fraction, characterized by parameters fa, fa. and 03) was confirmed using both specific 
activity data and size distribution data [27]. This convolution of multiple log-normal distributions from 
fallout collections is known as the “Heft distribution,” and is the basis for conventional fallout formation 
models and understanding of the formation of fallout size distributions. Local fallout is the population most 
influenced by the surrounding environment and has most intimately interacted with it. 

In detonations over silicate soil, local fallout tends to be glassy (from the melting, mix¬ 
ing, and quenching of silicate minerals) and exhibits a range of morphologies. Irregularly- 
shaped fused fallout may appear largely melted only one side, with unmelted soil and rocks 
adhered to the bottom (suggesting one side was more thoroughly heated), as well as nearly- 
spherical and highly-symmetric glassy fallout, suggesting solidification while aloft (Fig. 1.3). 
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Irregularly-shaped fallout containing both glassy (one on side) and unmelted (on the other 
side) morphologies is colloquially known as “ground glass” as it appears to not have fully 
interacted with the fireball [29, 30]. In contrast, highly-symmetric glassy fallout, also known 
as aerodynamic glassy fallout, tends to appear glassy throughout, often containing vesicles 
and relict minerals. These material are likely soil that was nearly completely melted in the 
fireball and quenched while aloft before falling back to Earth [30, 31]. Ground glass from the 
Trinity detonation is frequently studied because it is readily available from mineral dealers. 
However, aerodynamic glassy fallout is of interest because it is more likely to have signif¬ 
icantly and intimately interacted with the fireball and anthropogenic material, and often 
shows higher activity (usually by an order-of-magnitude or more) than ground glass [32-34]. 



1 mm 


3 cm 

Figure 1.3: Typical pieces of ground glass (left) and aerodynamic glassy fallout (right). Note the change in 
scale bars between the two. Both are reflected light images. Ground glass is an example of trinitite from Eby 
et al. (2015) [35]. The bright, circular feature in the center of the aerodynamic glassy fallout is an artifact of 
the reflection of the ring light from the optical microscope, highlighting how symmetric and spherical these 
objects are. 

Glassy fallout often preserves evidence for the collision and agglomeration of molten 
parcels of melt (Fig. 1.4). Despite agglomeration largely controlling the ultimate size distri¬ 
bution in air burst debris, it is not known to what extent this process controls the ultimate 
size distribution of fallout and impacts the incorporation of anthropogenic material into 
fallout. 
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Figure 1.4: Optical micrograph of agglomerated objects adhered to the exterior of sample FLD14, a piece of 
aerodynamic glassy fallout studied in this dissertation. The bright, circular feature in the center of FLD14 
is an artifact of the reflection of the ring light from the optical microscope, highlighting the symmetry of the 
sample. 


1.3 Chemical fractionation 

One of the most studied phenomena in fallout formation is chemical fractionation [1, 5, 13, 
15, 19, 24, 27, 36-42]. Chemical fractionation is any chemical process that causes “alteration 
of the radionuclide composition occurring between the time of detonation and the time of 
radiochemical analysis which causes the debris sample to be non-representative of the deto¬ 
nation product taken as a whole” [18]. Condensation, being dependent on the volatility of 
the condensing species, is such a process and is primarily responsible for variations in the 
activity-size distribution of fallout, and therefore how radioactivity spreads post-detonation - 
a primary motivation for studying fallout [15, 24] , 3 As a result, in contrast to agglomeration, 
the role of condensation in fallout formation has historically been of much greater interest. 
The chemical fractionation of fission products, activation products, and actinides, have been 
examined in different testing environments [5, 21, 24], Researchers have conducted fraction¬ 
ation studies in dozens of detonations (see [5, 21, 24] for comprehensive discussions) and 
built several models around condensation (see [20, 43]) to explain the chemical fractionation 
of radionuclides in fallout debris in air, tower, ocean, and surface bursts. 

The primary cause of chemical fractionation in nuclear events is differences in volatil¬ 
ity between different species condensing from the vapor phase of a rapidly cooling system. 
Because the speciation of radionuclides and the oxygenation of the fireball is not well under¬ 
stood, empirical data have been used to interpret (and subsequently predict) how a particular 

3 Other factors may affect fractionation, such as the speciation of the condensing material (discussed in 
Section 1.4) and the chemistry of the matrix that species are condensing onto (whether they are solid or 
liquid, metallic or silicate, crystalline or amorphous, etc.), etc. Oe notable exception is that the degree of 
fractionation appears to be relatively invariant with yield [18, 43]. 
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species behaves in a detonation. Historically, radionuclides were classified in three ways as 
it relates to fractionation: those that are “volatile-behaving”, “refractory-behaving”, and 
those that exhibit “intermediate volatility” [5]. Volatile-behaving species are those found to 
be enriched in smaller fallout particles, many of which do not fall out close to ground zero, 
but instead may be injected into the atmosphere by the nuclear event [24], These species 
tend to have lower condensation temperatures (on the order of hundreds of K, assuming 
oxides) or do not condense at all (e.g., 89 Kr). This enrichment of volatile-behaving species in 
smaller fallout particles creates a corresponding relative enrichment in larger fallout particles 
of so-called refractory-behaving species, which often condense at temperatures on the order 
of several thousand K [20]. These species will condense onto and mix into melts earlier and 
therefore have the opportunity to form larger fallout particles and deposit closer to ground 
zero. 

One complicating factor in understanding chemical fractionation due to differing volatil¬ 
ities is the rapid decay of many species. Radionuclides may quickly decay into species of 
differing volatility while the fireball is still cooling. As a result, when measured hours or 
days post-detonation, the end member (or the unstable long-lived parent) of the mass chain 
is observed to be enriched or depleted, but that may depend on the volatility of some parent 
radionuclide several decays removed from that end member. For example, in air bursts, 
the 89 mass chain is observed to be the most volatile, due to the high independent yield 
and relatively long half-life (on the scale of fireball cooling) of the 89 Kr precursor (ti/ 2 =3.15 
min), even though 89 Sr, which has a high condensation temperature, is the isobar measured 
in the laboratory. Therefore, entire fission product mass chains are referred to as being 
“volatile”, “refractory”, or of “intermediate volatility” [39]. 4 Radionuclides exhibiting the 
greatest degree of fractionation are those that have Kr and Xe precursors, such as those with 
A=89, 90, and 137 (whose mass chains ter min ate with 89 Sr, 90 Sr, and 137 Cs, respectively) 
[37, 45]. Contrast this with the 95 mass chain, which is predominantly produced as 95 Sr, 
and assuming a SrO species, has a condensation temperature ~3200 K, exceeding even the 
boiling point of quartz by some 700 K [46]. 

While both air bursts and surface bursts have been observed to exhibit chemical fraction¬ 
ation, most fallout from air bursts show a smaller degree of fractionation relative to surface 
bursts [18]. In addition, because of the large mass of fallout produced in a surface burst, and 
the ease with which it can be studied (i.e., much of it is macroscopic), chemical fractionation 
models have primarily focused on reproducing chemical fractionation effects in fallout from 
surface bursts. These models of fractionation in surface bursts are unable to fully reproduce 
the observed fractionation from first principles, however, leading some authors to suggest 
that the agglomeration of small fallout particles with larger fallout particles, which is ignored 
and unaccounted for in surface burst fractionation models, may cause the deviation [5]. 

4 Recently, Cassata et al. (2014) have been able to determine the relative volatility behavior of individual 
isotopes in a mass chain [44]. 
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Modeling fractionation 

Researchers have attempted to build predictive models of fallout chemistry and chemical 
fractionation using thermodynamics, empirical data on radionuclide volatility behavior, and, 
later, diffusion theory [3, 20, 23, 47]. Fundamentally, fractionation behavior is the result of 
several processes, which occur “rapidly and reversibly” in the vapor and liquid phase in the 
fireball: (1) Brownian motion of a vaporized species through the vapor phase until it collides 
with a molten particle, (2) condensation on some surface, and (3) diffusion into the particle’s 
interior (if still molten) (Fig. 1.5) [43]. While early theories began with fundamental, first- 
principles calculations of vapor pressures and condensation behavior, this ultimately proved 
too unwieldy because computational power and experimental data at the time were insuf¬ 
ficient. Eventually, most historical approaches settled on a simple, radial power approach, 
sufficient for “rule-of-thumb” fractionation estimates to capture the fundamental predictions 
of the more complicated models [23]. These approaches have two primary assumptions: 

1. Fallout is macroscopically homogeneous, spherical, and has a log-normal size distri¬ 
bution (or a convolution of multiple log-normal distributions, following [27]), whose 
parameters are determined by conditions of the nuclear detonation (calculated using 
empirical scaling laws and data). 

2. Radionuclides distribute themselves within these particles as some function of radius. 
That is, volatile mass chains will be surface-distributed (oc r 2 ) and refractory mass 
chains will be volume-distributed (oc r 3 ). How different mass chains behave is deter¬ 
mined empirically. 


Miller’s thermodynamic model 

Miller’s fractionation model was the first quasi-fundamental modeled approach to estimate 
how radionuclides partition in surface bursts [20, 21, 48]. It assumes a simplified picture of 
condensation that occurs in two phases. 5 In the first phase, the idealized and chemically-inert 
carrier material (as in the case of silicate soil) is molten. 6 

Assuming Raoult’s Law (which states the partial vapor pressure of an ideal substance in 
a mixture is the vapor pressure of the pure substance multiplied by its mole fraction) and 
using empirical fireball cooling equations, Miller’s model calculates the equilibrium vapor 

5 It also assumes a log-normal size distribution of spherical, homogeneous particles and that condensation 
begins when the most refractory species can sustain a macroscopic liquid, beginning «4000 K, as determined 
by empirical fireball cooling equations, known as the Hillendahl equations [2]. 

6 This idealized carrier material is assumed to be the alkali aluminosilicate anorthoclase, an alkali feldspar: 
Na-2 O■ A12 O3 ■ 6SiO2 [21], In addition, for this idealized soil, his model assumes 50% of the gross activity is 
in particles smaller than 100 fj ,m and 1% is in particles greater than 1 cm. 
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Figure 1.5: Schematic of vapor and condensed phase processes, adapted from [5]. Incorporating vaporized 
species into molten material involves multiple, reversible stochastic processes, such as: (1) diffusion through 
the vapor phase until colliding with a molten particle (at time fi), (2) some probability of condensing or 
rebounding from that particle, (3) if condensed, some probability of diffusing inward or evaporating from 
that particle (which may be allowed to occur at some later time £2); and finally (4) diffusing and mixing 
inward (which may be allowed to occur at some later time 1 3). 


pressure of each radionuclide as the fireball cools. The concentrations of each radionuclide 
in the vapor phase and liquid phase are then determined at a given temperature. 7 

The second phase of condensation begins once the idealized soil drops below its hypo¬ 
thetical melting point of 1673 K. As the fireball temperature drops, more volatile nuclides 
with condensation temperatures below 1673 K may condense and distribute on the surface of 
particles, while the more refractory radionuclides are assumed to be trapped within. Refrac¬ 
tory species and species of intermediate volatility will continue to condense onto the surface 
of particles, as many have non-zero and non-trivial equilibrium vapor pressures around 1673 
K. 

This approach is often referred to as the “go/no go” fractionation model, where radionu¬ 
clides are “frozen out” based on the melting point of the surrounding soil and the cooling 
rate of the fireball (Fig. 1.6). The model assumes that fractionation is then from two sources: 
larger particles falling out of the cloud based on their mass, and the freezing out of volatile 
species from condensing volumetrically, leading to them dispersing their activities as function 
of a fallout particle’s surface area (oc r 2 ). 

Conceptually, Miller’s model explains empirical observations of both the physical sep- 

7 Miller justifies using Raoult’s Law here because fission products are of low concentration both in the 
condensed and vapor phase, so Miller assumes they can be treated independently and do not interact with 
on another or alter the silicate melt once they condense. 
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aration (local vs. global fallout) and the chemical separation (based on mass chain) of 
radionuclides. Unfortunately, this model has limited practical utility, in that the required 
thermodynamic data to calculate the equilibrium vapor pressures as a function of tempera¬ 
ture are sparse and contain high uncertainties, particularly at higher temperatures. 


Phase I of condensation 
2500 K>Tfireball> 1673 K 


Phase II of condensation 
1673 K > T fireball 




Soil melt + 
refractory 
species 


/ 


Refractory radionuclides are 
volumetrically incorporated, while 
volatile species remain in the vapor 
phase. 



Volatile and remaining refractory 
species are surface distributed 


Figure 1.6: Schematic of Miller’s “go/no go” thermodynamic fractionation model for silicate bursts [20, 48]. 
The first phase of condensation is assumed to begin at 2500 K, the approximate boiling point of SiC>2, the 
most refractory mineral in the idealized soil composition, and end at 1673 K. After, the molten soil quenches 
and the second phase of condensation begins, allowing more volatile species and other non-volatile species 
to deposit on the surface. 


Norman and Winchell’s diffusion-limited model 

Norman and Winchell modified Miller’s model specifically for a silicate carrier material [43, 
49]. Instead of assuming a “freezing out” of radionuclides, this model assumes that the dis¬ 
solution of fission products into silicate melts is limited by diffusion due to the high viscosity 
of molten silicates at temperatures well above their liquidus temperature. A species that 
condenses on a silicate melt above 1673 K would not be assumed to be instantaneously and 
volumetrically dispersed within a melt (as is the case in Miller’s model), but would condense 
on the surface and subsequently diffuse inwards. If condensing at high enough a temperature, 
the species would quickly distribute itself volumetrically. However, at lower temperatures 
and if the viscosity of the melt were high enough, the species would not diffuse far inwards, 
so the apparent surface concentration appears much higher than if volumetrically dispersed, 
preventing other identical species from condensing as soon as Miller’s model predicts. This 
model also relies on calculations of the equilibrium vapor pressure of radionuclides, but uses 
Henry’s Law, which relies on a gas’ partial pressure above a solution to calculate its solubility 
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in the solution, and the apparent surface concentration of the species of interest instead of 
Raoult’s Law. 

Norman and Winchell’s model is a better fit (but is still relatively poor) to chemical 
fractionation data observed in surface bursts, particularly for larger fallout glasses (hundreds 
of jum to mm scale), which experimental data show and the diffusion-limited predict would 
exhibit less fractionation than Miller’s model predicts [50]. While the diffusion-limited model 
underpredicts fractionation at smaller particle sizes and overpredicts fractionation at larger 
particle sizes, it does match the generally observed trend (Fig. 1.7). 



Figure 1.7: Experimental data from Crocker et al. (1965) of fractionation measurements from the surface 
detonation Small Boy overlaid with model predictions [47, 50]. The plot shows fractionation of mass chain 
89 (considered volatile) from mass chain 95 (considered refractory) as a function of fallout size. The 95 
mass chain is selected as the prototypical refractory mass chain and used in the denominator because the 
concentration of 95 Zr is observed to be approximately constant across the range of fallout dimensions, so 
variations in r 8 g i9 5 is primarily due to differences in the 89 Sr concentration [4]. A ^9,95 value of 1 indicates 
no fractionation between these two mass chains and that they are representative of the cumulative yields 
expected from fission. These data are plotted as a function of particle size (circles are analytical data, 
squares are averages), overlaid with predictions assuming refractories become volumetrically-distributed 
(assumptions from Miller’s model) and the diffusion-limited approach from Norman and Winchell. While 
the diffusion-limited model matches the trend of the data, it is a poor fit. Freiling has speculated that this 
could be due to agglomerative effects, which both models ignore [23]. 
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Model Limitations 

Early models were used primarily for “rule-of-thumb estimates” and as a “stop-gap until 
better models or more extensive information” became available [23]. These models do a 
relatively good job of matching observations of fractionation, particularly in air burst debris, 
despite being largely empirical [23]. However, due to the heavy reliance on historical testing 
data from a limited set of testing environments (primarily the Nevada National Security Site 
and the Pacific Proving Grounds) the fidelity of these models to new and untested detonation 
environments is unknown. 

Even in previously tested environments, fallout formation in surface bursts are the least 
predictable phenomena, primarily because of the complex effects of the carrier material, 
agglomeration, including the sensitivity of height-of-burst to fallout formation [23]. Take 
the example shown in Fig. 1.7, which shows that larger glassy fallout samples are observed 
to be less depleted in volatile species than either Miller’s or Norman and Winchell’s model 
predicts. Freiling has speculated the observed discrepancies at larger particle sizes could be 
due to the agglomeration of smaller particles (relatively enriched in volatile species) with 
larger particles (relatively depleted in volatile species) prior to quenching, which all models 
ignore because the effect of agglomeration has not been extensively studied experimentally 
[23]. The inability to account for agglomeration in these models is a serious weakness noted 
by several authors and one of the motivations for this dissertation [5]. 

Another example of the limitations of historical models is explaining the contrasting 
volatility behavior of U in air burst compared to surface burst debris. In air burst debris, U 
behaves with intermediate volatility, being relatively enriched in smaller particles collected on 
air filters, in contrast to Pu, which behaves as a highly refractory species, with compositions 
in the largest particles being essentially representative of those from the device [5, 47]. 
Pu maintains this refractory behavior in surface burst debris, while U does not [5]. Once 
detonations incorporate significant amounts of environmental material, depending on the 
environment and detonation conditions, U is observed to alter its fractionation behavior 
[47]. In high-yield bursts over coral, U is observed to behave as a strong refractory (it is 
considered to follow the 95 mass chain and Pu in its fractionation behavior) [47]. However, in 
bursts over silicate soils, U tends to become more refractory, but still fractionates appreciably 
from 95 Zr and 239 Pu [47] . 8 This behavior is not predicted or explained by fallout formation 
models, and is only taken into account by relying on empirical datasets from historic U.S. 
tests. 


1.4 Contemporary fallout research 

Recent studies have sought to better the understand fallout formation processes by using 
advanced bulk and spatially-resolved analytical techniques to characterize fallout. These 

8 In the laboratory, the fractionation of behavior of U is determined by measuring the concentration of 
239 Np in fallout, as 239 U has a half-life of ~23.5 min. 
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studies not only serve to reveal new insights into evolution and environment of the rapidly- 
evolving nuclear fireball, but may be used to build better models to predict how fallout forms 
and how different materials such as fission products and other device debris will fractionate 
in untested environments. 

Since 2000, there has been a flurry of experimental research on glassy fallout, primarily 
using debris from Trinity event. Researchers have primarily sought to collect new data to 
address: 

• What are the timescales relevant to fallout formation? 

• How is anthropogenic material distributed in fallout? 

• What were the oxidation conditions of the fireball? 

• What controls how anthropogenic material is distributed in fallout? 

Modern advancements in analytical techniques can reveal chemical and isotopic infor¬ 
mation in fallout that simply were not an option for historical studies. Many new studies 
have used multiple techniques in concert, often combining technologies regularly applied 
in the fields of geochemistry, cosmochemistry, radiation detection, and materials sciences, 
including: 

• High-resolution bulk counting techniques (q-spectroscopy, ce-spectroscopy, and 3 count¬ 
ing) to measure the decay of fission products, activation products, and actinides 

• Electron microscopy to characterize morphologies, textures, and chemical mixing pat¬ 
terns 

• X-ray spectroscopy to measure major element compositions of both fallout and soil 
from the detonation sites 

• Bulk and spatially-resolved mass spectrometric techniques to characterize isotope ra¬ 
tios, and distributions and concentrations of major and trace elements 

Glassy fallout has been characterized using radiation detection (e.g., [28, 51-53]), then 
including spatially-resolved methods such as scanning electron microscopy (SEM) and X- 
ray spectroscopy techniques (energy-dispersive X-ray spectroscopy (EDS) and wavelength- 
dispersive X-ray spectroscopy (WDS)) to identify and characterize inclusions (e.g., [30, 54, 
55]), and spatially-resolved mass spectrometry to measure isotope ratios (e.g., [56]). Several 
studies have compared major element compositions and relict/partially-melted minerals in 
fallout to the surrounding sediment from the test location to better understand the molten 
mixing processes in both aerodynamic (e.g., [30, 35, 57]) and ground glass samples (e.g., [30, 
35, 58]). Researchers have also sought to characterize activity distributions in both ground 
glass and aerodynamic glassy fallout using autoradiography to determine spatial distributions 
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(e.g ., [55, 58-60]) and spatially-resolved mass spectrometry (i.e., secondary ion mass spec¬ 
trometry (SIMS) and laser ablation inductively-coupled mass spectrometry (LA-ICPMS)) 
to measure and correlate the distributions of specific radionuclides, stable fissionogenic iso¬ 
topes, and major and trace elements (e.g., [58, 60-68]). Some of the spatial studies have 
led to hypotheses of why certain major elements are co-located with unfissioned fuel (see 
[ 66 - 68 ]) and how some anthropogenic material is incorporated (see [67, 68 ]). Finally, studies 
of bulk samples of fallout have also been revealing, constraining the oxidation environment in 
the fireball (i.e., [44, 69]), showing that aerodynamic glassy fallout quenches within seconds 
(see [44]), and that different pieces of aerodynamic glassy fallout incorporate vastly different 
amounts of unfissioned fuel, despite being compositionally and morphologically similar (see 
[57]). 

While many recent studies have expanded the understanding of how fallout forms and 
the conditions within the fireball, much still remains unknown about fallout formation in 
surface bursts. In particular, deviation between empirical data and fractionation models 
due to the relative enrichment of glassy fallout objects with diameters greater than several 
hundred microns noted in Figure 1.7 remains unexplained. While agglomeration has been 
hypothesized to be the cause of this deviation, no recent studies have sought to explore if 
agglomerates have a significant role in forming glassy fallout and whether characterizations 
of agglomerates support this hypothesis. 

Recent observations of Trinity from trinitite 

Forensics-motivated characterization of trinitite began appearing in the literature as early as 
1995 when Atkatz and Bragg used 7 -spectroscopy to estimate the yield of Trinity using the 
decay of 137 Cs and simple assumptions about chemical fractionation of it relative to other 
fission products within the fireball [51]. Results (they estimated a 13 kT yield for Trinity) 
were within the range of non-nuclear estimates of Trinity’s yield (e.g., seismographic, air 
pressure measurements, etc.) of 5-15 kT [70]. However, a different trinitite sample used later 
by Schlauf et al. (1997) had a 137 Cs specific activity more than two orders of magnitude 
greater than the sample used by Atkatz and Bragg, leading to a calculated Trinity yield of 
approximately 60 kT [52], (The reported yield was «20 kT [71].) These studies illustrate 
the difficulties presented by chemical fractionation and other fallout formation processes to 
nuclear forensics, and have also helped spurn a new generation of researchers to analyze 
these materials to better understand fallout formation processes. 

About a decade later, Parekh et al. (2006) sought to estimate the enrichment of Trin¬ 
ity’s Pu core and determine what other radionuclides were measurable in trinitite using 
a variety of radiation detection techniques [28]. They presented bulk characterization of 
several trinitite samples using cr-spectrometry, 7 -spectrometry, and fl counting techniques 
[28]. They measured the specific activities of several fission products, activation products, 
naturally-occurring radionuclides, and Pu isotopes, observing chemical fractionation between 
the different samples, an enrichment in the specific activity of 238 U relative to local soil (they 
assume from the device’s tamper), and estimated the enrichment of 239 Pu and 240 Pu. As 
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researchers began to understand that these materials were a heterogeneous mixtures of envi¬ 
ronment and device, it became recognized that using spatially-resolved analytical techniques 
could reveal characteristics not accessible using bulk techniques. 

Initially, authors used non-destructive spatially-resolved techniques such SEM and EDS 
to interrogate trinitite at higher spatial resolutions [30, 54], Authors noted that some glassy 
regions were enriched in materials such as Cu, hypothesized to be anthropogenic, and discov¬ 
ered and characterized metallic-appearing inclusions [30, 54].' 9 These inclusions separately 
contained Pb, W, Ta, and Ga, hypothesized to be sourced from the device and device support 
structure. 

Soon after, researchers sought to use isotope ratios to establish the geographic provenance 
of Pb used in Trinity [62]. Hypothesizing that Pb co-located with Cu could be assumed to 
be anthropogenic Pb (following the observations of [30]), Bellucci et al. (2013) used LA- 
ICPMS to measure Pb isotope ratios in the glassy portions of trinitite samples (their spatial 
resolution appears to be wlOO /irn). By comparing their measured Pb ratios with published 
Pb ratio data from Pb mines around the world, they concluded that Pb for the Trinity device 
came from a Pb mine in Canada. Following this study in 2016, they sought to bolster their 
earlier analysis by directly measuring the Pb isotope ratios of a Pb inclusion in trinitite using 
SIMS, finding ratios that were consistent with their earlier measurements from LA-ICPMS 
in the glassy portions of trinitite [56]. 

The above studies used nuclear forensics as a motivation to study glassy fallout debris, 
but showed that the debris is primarily a mixture of environmental materials. More recent 
works have studied glassy fallout not for their forensic value, which may rely on unverifiable 
speculation about device components and design, but for what can be learned about the 
conditions within the fireball and to better understand how device vapor becomes distributed 
within fallout and what controls or affects these distributions. 

Oxidation conditions 

Understanding whether the fireball acts as an oxygen-starved or oxygen-rich environment 
can be used to infer the chemical speciation of vaporized radionuclides as the fireball cools 
and predict when, and in what oxidation state, different vaporized species will condense 
onto and begin mixing into silicate melts. Analytical data on the oxygen fugacity of the 
fireball could be used to explain the co-locations of different elements with material from 
the device based on chemistry or volatility arguments. Furthermore, it may explain the 
unresolved discrepancy as to why U appears to behave with intermediate-volatility in an air 
burst and a strong refractory in a surface burst. If surface detonations have a considerably 
different oxygen environment in the fireball compared to air bursts, U speciation could also 
be different, leading U to perhaps condense earlier, along with other refractories such as Pu 
and the radionuclides in mass chain 95. 

9 These inclusions appear embedded in the glass as small, fairly circular impact features that reside in 
and near vesicles in trinitite thin sections. 
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Historical models assume an oxidizing environment and treat fission products as oxides 
both in the gas phase and once condensed onto the surface of the silicate melt [10, 20, 29, 
72]. However, the rates and degrees of oxidation of condensing materials has historically 
been an open question. In the case where multiple oxides exist, authors usually opt for the 
more reduced form, relying on the argument that as the temperature of the fireball drops to 
where molecules can form, species are much more likely to collide with single atoms of O than 
multiple atoms of O [5, 73]. Recent observations have begun to challenge this assumption. 

Early research into oxidation conditions in trinitite sought to draw comparisons to tek- 
tites, which are glassy, highly-symmetrical debris created by meteorites impact-melting soil 
as they crash into Earth [74], In the study, the authors measured the majority of Fe in 
aerodynamic glassy fallout produced in the Trinity test as Fe(II) (Fe (III)/Fe(II)psO.l) [74], 
Recent X-ray absorption near-edge spectroscopy (XANES, which can be used to measure 
both the speciation and coordination of elements in bulk material) measurements of trinitite 
have bolstered those findings. It was observed that soil fused to bottom of trinitite (the 
sandy side) contain a combination of Fe(II) and Fe(III), but measured the glassy portions 
to primarily contain Fe(II), suggesting much of the Fe in the soil was reduced [75]. 

A single oxygenation environment may be too simplistic, however. Authors have reported 
both “quenched magnetite” and metallic Fe, Pb, W, Ta, and Ga features in trinitite [30, 
54, 76]. If these inclusions are derived from the device, this suggests that the oxygenation 
conditions vary considerably over short distances, and can be quite reducing. Sheffer and 
Dyar continued this line of inquiry with Mossbauer spectroscopic studies, showing that the 
majority of Fe in trinitite had been reduced to Fe(II) [77]. 

This Fe reduction phenomena is not unique to fallout or tektites, also appearing in studies 
of fulgurites, which are melt glasses produced by lightning strikes [74, 76, 78]. In addition 
to Mossbauer spectroscopic studies of trinitite fulgurites, Sheffer conducted thermodynamic 
modeling studies of the reduction of Fe(III) to Fe(II) in tektites and fulgurites, which sug¬ 
gested that the mechanism for this reduction is the non-equilibrium rapid quenching of the 
molten silicates, preventing Fe 203 from forming [78]. While the modeling in Sheffer (2007) 
suggests a non-equilibrium rapid quenching as mechanism for reduction, the fireball likely 
interacted with a large quantity of metallic Fe (steel, etc.). How this material affects the 
ultimate speciation of Fe measured in glassy fallout is unclear, although several authors have 
speculated it acts as a buffer for other elements, preventing them from oxidizing (discussed 
below) [44, 69]. 

Recently, researchers have sought to expand on historical observations of Fe speciation 
with speciation measurements of other elements. In particular, they have sought to charac¬ 
terize the oxidation state of species that were vaporized in the fireball and are unquestionably 
anthropogenic, such as fission products and residual fuel, and attempted to infer the oxidation 
state of these species while they were still in the fireball. Cassata et al. (2014) demonstrated 
that fissiogenic Xe could be used to infer the speciation of direct fission products while they 
were within the fireball [44], Using noble gas mass spectrometry, they analyzed fissiongenic 
Xe isotopes trapped in whole pieces of glassy fallout produced in a Pu-fueled test [44], These 
stable Xe species are created primarily from the decay of the fissiongenic isotopes Sb, Sn, 
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Te, or I in the 131, 132, 134, and 136 mass chains. Most of the half-lives of the species in 
these mass chains are long compared to fireball cooling timescales. As a result, by analyzing 
different ratios of the Xe end-products, Cassata et al. (2014) were able to determine how 
Sb, Sn, and Te fractionated relative to each other in the fireball (assuming I and Xe are 
non-condensing and immiscible pure volatiles), and the timescales for closure of the surface 
of glassy fallout (discussed in the next section). Given the condensation temperatures of 
different forms of Sb, Sn, and Te, ( e.g ., Te, TeO, TeCU) the results are more consistent with 
a reducing environment than an oxygen-rich environment, which they hypothesize may due 
to the substantial amount of metallic Fe likely present in a device assembly. While this was 
the first study to characterize the speciation of material that wholly existed as bomb vapor, 
they were unable to determine whether the species were reduced while in the vapor phase 
or once they were incorporated into the silicate melt. Furthermore, this study could not 
quantify the degree to which species were reduced, as some of the Fe studies did above. 

Pacold et al. (2016) directly measured the oxidation states of U, Pu, and Fe present in 
glassy fallout from three different tests (one U-fueled test and two tests that contained both 
Pu and U) using XANES [44, 69]. While Fe in umelted soil is likely predominantly Fe(III), 
Fe in the fallout from all three tests had a measured oxidation state near 2, suggesting that 
the fireball incorporated large amounts of Fe(II) and/or Fe(III) was reduced to Fe(II) during 
fallout formation. In contrast, there was a discrepancy when measuring the U oxidation 
from the test containing only U compared to the U and Pu tests. While all studied debris 
contained a combination of U(IV) and U(VI), the U in fallout from the U fueled test was 
nearly 60% U(VI) (having a measured oxidation state of 5.7). In the other two tests, U and 
Pu were more reduced towards their IV states (with measured oxidation states for U of 4.6 
and 4.7). Like Cassata et al. (2014), Pacold et al. (2016) hypothesizes that metallic Fe likely 
present in these devices and the surrounding support structures ultimately played a role in U 
speciation, acting as a buffer for U. They also suggested cooling timescales may be another 
possible factor affecting these species’ redox behavior. However, measuring both the most 
reduced Fe and the most oxidized U in fallout from the U-fueled test suggests that “melt 
glass redox chemistry varies widely depending on test conditions” and that “a single oxygen 
fugacity and redox equilibrium do not apply to melt glasses from nuclear weapons testing” 
[69]. If U speciation can vary widely over short distances and a fireball can exhibit multiple 
oxygen fugacities, this suggests that U can also exhibit multiple chemical behaviors, as a 
vapor and likely also once incorporated into the silicate melt, depending on local conditions 
in the fireball. 

Timescales for fallout formation in surface detonations 

Measuring the timescales for fallout formation can give insights into fireball, which histor¬ 
ically come from using empirical fits of luminosity measurements of the fireball's exterior. 
Understanding these timescales can constrain possible physical and chemical processes that 
can occur within the fireball, such the timescales over which condensation and agglomeration 
are active or how long the surface of fallout remains molten, allowing vaporized species to 
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condense and diffuse inward. In addition, fireball temperature measurements primarily come 
from luminosity measurements of its exterior, and measuring fallout formation timescales can 
reveal how rapidly the interior of the fireball is cooling. 

Most theoretical estimates for the timescales of fallout formation come from using empir¬ 
ical fits to luminosity measurements of the fireball [2, 10]. Because of the heavy absorption 
of radiation by air far in front of the shock front (rendering the fireball opaque), at times up 
to 10 ms the fireball temperature is calculated from the velocity of the shock wave, which is 
directly related to the rate of fireball expansion. For a 20 kT air burst, these temperatures 
are in excess of 4000 K [2]. As the temperature of the shock front drops below 3200 K, it 
radiates photons less readily, and becomes more transparent to the radiation emitted by the 
much hotter, much smaller, approximately isothermal sphere behind it. This transition is re¬ 
ferred to as shock “breakaway”, occurring around 10 ms (again, scaled to a 20 kT air burst). 
Because the hotter fireball is now visible, the apparent fireball temperature rises, reaching 
the “time of second maximum” at around 8000 K and 200 ms. (This rise in temperature is 
not actually occurring, it is an artifact of using optical methods outside the fireball to mea¬ 
sure the fireball temperature.) After reaching this apparent second maximum, the fireball 
cools rapidly through radiative emission and incorporating cooler air (going approximately 
as T oc I/Vt) [10]. The surface of the fireball drops to 1673 K (Miller’s melting point for 
siliceous soil) in 2-4 s [2], 

This thermal profile describes the cooling visible at the surface of the fireball, not within 
the fireball, and for an air burst, not a surface burst. An empirically-derived scaling equation, 
known as Hillendahl’s equation, is instead applied to calculate the cooling rate for fireballs 
of different yields after the time of second maximum: 

~ 3 x 10 -11 kF -0 ' 3 T 4 , (1.1) 

dt ’ y J 

where W is the yield in kT, T is the temperature in kT and — ^ is in K/s [5]. This 
scaling law, commonly applied by many studies across the literature, was calculated from 
observations of MT-scale air bursts and relies on data that do not extend below 2000 K, 
when the entrainment of cooler air becomes an important source of cooling, altering the 
cooling rate compared to radiative emission alone. There have been attempts to calculate 
the temperature inside the fireball due to entrainment of cooler air, most notably by Storebo 
(still for an air burst, not a surface burst) [79]. However, the velocity of the incorporated air 
is not known, so is presented for values ranging from 1 to 10 m/s. 

Izrael (2002) expanded on Hillendahl’s and Storebo’s work, attempting to calculate fire¬ 
ball cooling for kT surface bursts [10]. He relies on Storebo’s calculations for 3 m/s air 
entrainment and also accounts for additional effects caused by the incorporation of soil into 
the fireball, such as how the soil’s heat capacity, enthalpy of vaporization and fusion, and 
dissociation energy affect fireball cooling rates [10]. He estimates that overall, the incor¬ 
poration of soil slightly decreases the temperature of the fireball and that surface bursts 
cool much like air bursts until they drop below ~2000 K, when effects such as the effect of 
vaporized soil condensing (releasing its latent heat of vaporization) or molten soil quenching 
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(releasing its latent heat of fusion) slightly lengthen the amount of time (between 0.6 and 
1.6 s) it takes for the fireball to cool beyond the melting temperature of the surrounding soil 
as if it were an air burst (Fig. 1.8). 



Figure 1.8: Calculations of fireball cooling for a 20 kT surface burst by Izrael after the time of second 
maximum [10]. The y-axis shows temperature in thousands of K and the x-axis shows time in seconds. The 
time axis starts at t = 1 s. For cooling at early times, Izrael adopts Storebo’s fireball cooling calculation 
for an air burst, assuming air entrainment at 3 m/s. Izrael includes the cooling effect of the addition of soil 
during Phase I (from «3-5 s), finding that it does not cool the fireball significantly from including no soil at 
all, so the surface burst and air burst cool similarly in this regime. At t«5 s (Phase II), a lag in cooling is 
predicted from the vaporized soil releasing energy into the fireball as it condenses. During Phase III, another 
lag in cooling is predicted from the molten soil releasing energy into the fireball as it quenches. The orange 
dashed line (curve A) is the calculated cooling curve from an air burst. Curves B and C (green and blue solid 
lines, respectively) differ in that Curve C assumes that chemical bonds are formed as the vapor condenses, 
releasing more energy into the fireball, adding to the cooling time delay. Curve B assumes the condensing 
vapor already exists as molecules. Adapted from [10]. 

Izrael also includes calculations for the additional time it would take for molten particles 
to reach the ambient fireball temperature, which is delayed to conduction of heat into the 
particles [10]. He calculates a delay of 0.035 s for fallout ~1 mm in diameter, and 0.14 s for 
fallout ~2 mm in diameter, the size of many of the studied fallout samples, including those 
used in this study, Lewis et al. (2015) [60], Weisz et al. (2017) [67], Eppich et al. (2014) 
[57], and Cassata et al. (2014) [44], Combining the time delay from both of these effects, by 
Izrael’s estimates, the interior of 1 mm diameter molten particles in a 20 kT surface burst 
should reach their liquidus temperature of 1673 K between 0.6 to 1.6 s after an air burst 
reaches the same temperature (~4.4 s), or approximately between 5 and 6 s after detonation. 
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This clearly will be different for tests of different yields, and in detonation environments with 
soil of a different composition, etc. 

In Cassata et al.’s 2014 study of Xe isotopes in fallout (discussed above), they were able 
to uniquely constrain the time at which each sample’s surface became impervious to further 
mass transfer [44], Constraints on time of closure ranged from 0 ± 0.1 s to 2.9 ± 1.1 s (la). 
These measurements are within an order-of-magnitude (but shorter than) Izrael’s quenching 
timescales. 

Weisz took an independent approach for calculating fallout formation timescales using 
diffusion theory [68]. He observed compositional interfaces at points of contact between small 
spherical glassy objects attached to the exterior of millimeter-scale aerodynamic pieces of 
glassy fallout (i.e., agglomerates attached to host glasses). Using SIMS and X-ray spec¬ 
troscopy, he determined these interfaces were consistently enriched in 235 U, Ca, Fe, and Mg, 
and preserved as the agglomerate collides and coalesces with the host glass. By extracting 
parameters from Gaussian fits to diffusion profiles across these compositional interfaces, he 
was able to extract estimates for the time and temperature at which the agglomerate at¬ 
tached to the host. 10 For the cooling of vapor from a 1 kT yield detonation (he also gives 
time and temperature for 0.1 and 10 kT yields), Weisz estimates the agglomerate attached 
at approximately 1 ± 0.5 s (la) and at a temperature of 2100 ± 150 K (la). 11,12 At this 
time and temperature, the fireball is cooling rapidly, but the particles are still molten, yet 
quite viscous (likely why the agglomerates retained their spherical shape and were not fully 
incorporated into the host glass, but instead only attached on the outside). Cassata et al. 
(2014) estimates their samples closed to mass transport between 0 and 3 s, which would 
put the temperature of their fallout glasses somewhere near 1673 K at the times the molten 
agglomerates attached to Weisz’s still molten host glasses [44], Therefore, samples from the 
Pu-fueled test studied in Cassata et al. (2014) may have cooled more quickly than samples 
from the U-fueled test studied in Weisz (2016). 

Cassata et al. (2014) and Weisz (2016) are the first direct (and independent) experimental 
measurements of fallout formation timescales, and they are consistent with, but shorter 
than, Izrael’s estimates for fallout formation for a 20 kT surface burst. While subject to 
unknown yields, detonation conditions, and some experimental uncertainty, in addition to 
many scenarios that could lead to glassy fallout experiencing vastly different times and 
temperatures in the fireball (such as different times of being swept up, being near the surface 
vs. in the fireball’s center, etc.), collectively, these results suggest that millimeter-scale 
aerodynamic fallout quenches on the order of seconds for detonations in the 1-20 kT range. 

Most recently, Bonamici et al. (2017) used electron probe microanalysis (EPMA) to fit 
diffusion profiles in samples from Trinity, where the device’s yield is known to be ~20 kT 
[66, 71]. They focused samples where different molten phases had come into contact and 

10 see Table 5.4 on page 164 in [68]. 

n Diffusion profiles in different samples have different widths, but the time/temperature calculations and 
their uncertainties are all near these values. 

12 The uncertainties in these values are dominated by the uncertainties in U diffusivity data in silicate 
melts, which fundamentally limit the precision of this approach. 






CHAPTER 1. INTRODUCTION 


24 


C2 


Cl 


interface 


y r 


Sample 




200 um 


BSE image | 



Distance (micrometers) 


Figure 1.9: Enrichment of 235 U, Ca, Fe at the compositional interface between an agglomerate and host 
object. Image on left is a backscatter electron micrograph of agglomerates Cl and C2 attached to sample C 
from [67]. The compositional interface of Cl is visible as a bright line separating Cl from Sample C. Plot on 
right shows the normalized isotope ratios of 44 Ca/ 30 Si, 54 Fe/ 30 Si, and 235 U/ 30 Si as measured by SIMS and 
normalized by their maximum values showing the traverse across the compositional interface of Cl (marked 
by the yellow arrow in the image). 30 Si is used as the denominator in these isotope ratios as Si is relatively 
invariant across these compositional interfaces [67]. The peak occurs at the compositional interface between 
Cl and Sample C. In the plot, the agglomerate Cl is on the left of the peak and sample C is on the right of 
the peak. 


evidence for diffusion is observed across the boundary between them [66]. By assuming binary 
diffusion of Si from one melt into the other (the observed difference in Si02 concentration 
was between 4-12 wt.%) they calculated temperature ranges and times over which these 
melts were in contact. The best fit parameters from six profiles in four different samples 
indicate similar peak temperatures between 2000-2100 K and cooling times ranging between 
3-6 s. This range in cooling times is also in line with both Izrael’s estimates and Hillendahl’s 
empirical scaling laws [2]. 

One limitation of the approaches presented by Weisz (2016) and Bonamici et al. (2017) 
are their assumption that only diffusion occurs. Mixing patterns in fallout show extensive 
evidence for convection (see [30, 60]), however, which would almost certainly broaden diffu¬ 
sion profiles. To what extent is unknown, but it is likely these profiles overestimate, to some 
degree, the time and temperature of contact. 

Distribution of anthropogenic material in fallout 

Measuring how anthropogenic material, such as unfissioned fuel, is distributed in fallout can 
reveal the chemical behavior of these species, how and when these species are incorporated 
into fallout, and provide clues about the emplacement environment prior to the nuclear 








CHAPTER 1. INTRODUCTION 


25 


event. Despite historic studies qualitatively and broadly describing the distribution of ra¬ 
dioactivity in fallout using autoradiographs as well as recent studies presenting qualitative 
characterizations of mixing patterns of major elements using non-destructive methods such 
as EDS X-ray mapping, only recently have studies attempted to correlate the two distribu¬ 
tions quantitatively. 

Historic and recent studies reveal that glassy fallout is an inhomogeneous, vitrified mix¬ 
ture of the surrounding environment with anthropogenic material present in trace concen¬ 
trations [28, 30]. In the case of trinitite ground glass, authors note that ground glass was 
a highly vesicular and heterogeneous mixture common rock-forming minerals found around 
the White Sands site, such as quartz, potassium feldspar, calcite, and plagioclase [30]. In 
contrast, aerodynamic glassy fallout from Trinity is observed to be largely glassy throughout, 
with fewer relict mineral phases, less vesicularity, but still an inhomogeneous mixture of soil 
that had melted and quenched. Flow-banding mixing patterns on the scale of 10-100 /nm 
scale are seen, and many partially-melted quartz grains have diffuse boundaries [30]. Au¬ 
toradiographs largely show either a fairly uniform volumetric incorporation (in aerodynamic 
glasses) or surface coatings of activity (in ground glass), bolstering Miller’s “open/closed” 
condensation theory, which more or less remained the standard until Norman and Winchell 
modified this with their diffusion-limited theory [3, 4], Recent attempts to clarify how activ¬ 
ity is distributed in trinitite using autoradiography report it is dominant in the glassy phases 
towards the surface or as a coating, suggesting activity can only be volumetrically-distributed 
in materials that were either molten or vaporized in the fireball [59]. 

The extent of these inhomogeneities and how anthropogenic species from the device dis¬ 
tributed themselves among the major elements derived from the carrier material (such as 
soil) remained relatively unstudied until the 2000s. Mass spectrometric techniques with 
higher sensitivity and spatial resolution, such as SIMS and LA-ICPMS, have enabled char¬ 
acterization and quantification of the degree of mixing between device debris and different 
major elements in the glassy phase. 

Fahey et al. (2010) were the first to use spatially-resolved mass spectrometry (SIMS) to 
directly measure Pu, U, and Pb isotopes in a thin section of trinitite [58]. By combining 
isotopic maps from SIMS with X-ray mapping of the major elements in the glass, their study 
revealed a co-location between device-derived Pu and U and environment-derived Ca, a major 
constituent of both trinitite and White Sands soil (Fig. 1.10). (By measuring spatially- 
correlated non-natural Pb ratios, they also concluded observed U was device-derived, not 
soil-derived.) One short coming of this study (and all other studies conducting in situ 
measurements of Pu using mass spectrometry) is that they rely on the intensity of the Pu 
signal as a proxy for Pu abundance, uncorrected for instrumental mass bias because there is 
no commercially available Pu-bearing glass standard. This and other studies that measure 
Pu isotope ratios assume the instrumental mass bias between different Pu isotope ratios is 
small (it is typically <1% in U isotopes, so likely would be similar in Pu), but count rates can 
vary considerably between analyses and are highly dependent on instrumental conditions, 
sample roughness, and even ambient temperature. Some studies have used literature values 
for the relative ionization rate of U and Pu to estimate the Pu abundance (he.,[66]), while 
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others have demonstrated that the activity shown in autoradiographs of fallout from Trinity 
is dominated by activity from Pu, and justify using qualitative maps of radioactivity instead 
of in situ isotopic measurements [80]. 

Fahey et al. (2010) and other author’s findings (e.g., [55, 66, 81]) of Pu and Ca co- 
location (which has recently been expanded to correlations between Pu and Ca, Mg, and Fe 
by Wallace et al. (2013) have led several authors to develop new theories about how anthro¬ 
pogenic material becomes incorporated into glassy fallout (discussed below) [61]. Wallace et 
al. (2013) sought to replicate and expand on Fahey’s observations of correlations between an¬ 
thropogenic material and environmentally-derived material in trinitite [61]. They combined 
autoradiography, electron microscopy, and LA-ICP-MS to attempt to correlate 239 Pu, 238 U, 
137 Cs, Fe, and Ca in the glassy portions of trinitite, concentrated in the uppermost layers of 
their samples [61]. However, their study suffered from a small number of measurements and 
the presented correlations are not strong. 
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Figure 1.10: Compositional maps of Ca and Si, 239 Pu SIMS ion image, and autoradiograph showing co- 
location of Pu, radioactivity, and Ca in a thin section of trinitite from [58]. In the compositional maps and 
autoradiograph, higher brightness indicates higher intensity and the scale in the Pu ion images indicates 
number of counts. The autoradiograph primarily reveals a activity in the sample (assumed to be dominated 
by the a decay of 239 Pu). The black circular features in the Ca and Si maps are vesicles and the black region 
towards the bottom of the Ca and Si maps is epoxy. 


Bellucci et al. (2014) measured both major elements (using EPMA) and trace elements 
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(using LA-ICPMS) in trinitite thin sections to expand on the findings in Wallace et ah 
(2013) by applying a multivariate approach to the data [63]. Using PCA, they attempted 
to understand the correlation between major and trace elements to delineate what minerals 
phases had mixed in the glassy regions of trinitite and determine what elements were corre¬ 
lated with material from the device and tower. While they were able to use major element 
correlations to delineate between different dominant soil contributions (e.g., correlations of 
K, Al, and Si suggesting a potassium feldspar contribution), a shortcoming of this study is 
too few analyses and too many variables for a strong PCA analysis. PCA is most effective 
when the number of analyses is much greater than the number of variables. In their study, 
they present 119 analyses (from 13 different samples) with 40 variables, and they do not 
demonstrate that this number of analyses and variables builds a sufficiently stable model 
(see Chapter 6). Regardless, their interpretations are consistent with their previous find¬ 
ings, observing correlations between metals (Co, Cu, Cr, and Pb - similar to the inclusions 
noted in [30, 54]) and two separate correlations of U: one with elements typically found in 
zircon, monazite, and apatite (interpreted as the natural U contribution from soil) and one 
associated with Cu, Co, and Cr (interpreted as anthropogenic U) [54], 

Lewis et al. (2015) performed the first spatially-resolved mass spectrometric study in 
aerodynamic glassy fallout from a U-fueled event [60]. Until 2012, spatially-resolved isotopic 
studies had only been performed in ground glass from Trinity. It was not known how, for 
example, U fuel would distribute compared to Pu fuel, if U would be correlated with the 
same major elements as Pu, and how these distributions would be different in aerodynamic 
glassy fallout versus ground glass. Using SIMS to perform traverses across samples, they 
measured the U isotope composition of approximately 200 regions (10-30 /um in diameter) 
in five aerodynamic glassy fallout samples (1-2 mm diameter) from a U-fueled test. They 
found the 235 U/ 238 U ratio to be greater than natural (>0.00725) in every analysis, implying 
that U was likely volumetrically distributed throughout the glasses [60]. 13 The 235 U/ 238 U 
ratio spanned nearly three orders of magnitude, ranging from 0.02 < 235 U/ 238 U< 11.8, or 
2% < atom% 235 U< 92%. Minor U isotope ratios, 234 U/ 238 U and 236 U/ 238 U, exhibited 
strong correlations with the 235 U/ 238 U ratio (R 2 = 0.99). Finally, some of their analyses 
also included U concentration measurements, which spanned from 5-20 ppm (soil proximate 
to this test has U concentrations between 2.7-4.8 ppm, see [57]), and were approximately 
correlated with the 235 U/ 238 U (R 2 = 0.77), implying that higher concentrations are simply 
the addition of fuel from the device. 

Combining the U isotope data with X-ray mapping and autoradiography, Lewis et al. 
(2015) did not find a consistent co-location of unfissioned fuel with Ca, in contrast to mea¬ 
surements of Pu and Ca in trinitite. In two of their samples, the samples could be generally 
be divided into two compositional regions: one enriched in Ca and one depleted in Ca. The 
235 U/ 238 U ratio exhibited an enrichment and depletion depending on which region was ana- 

13 The glasses did contain several high SiCU regions, which were not measured with SIMS. Wallace et al. 
(2013) and Bonamici et al. (2017) found such features to contain no radioactive component in their samples 
from Trinity [61, 66]. 
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lyzed. However, in one sample, 235 U/ 238 U in the Ca-rich region was enriched relative to the 
Ca-poor region (Fig. 1.11) and in the another sample, 235 U/ 238 U was depleted in the Ca-rich 
region relative to the Ca-poor region. In one sample, Ca was positively associated with 
235 U/ 238 U, and in the other, Ca was negatively associated with 235 U/ 238 U. This bi-modal 
behavior was exhibited in the autoradiograph as well - being correlated with the regions 
most enriched 235 U/ 238 U. Because the samples exhibited this partitioned behavior in major 
element composition, unfissioned fuel, and total activity, Lewis et al. (2015) concluded that 
these samples were formed by the collision and agglomeration of two parcels of melt with 
different composition, which had also incorporated different amounts unfissioned fuel and 
radionuclides. These two parcels did not have an opportunity to thoroughly mix before 
quenching, preserving these textures. 
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Figure 1.11: Co-location of U isotopic enrichment with Ca concentration and gross radioactivity from [60]. 
Plot on left shows the 235 U/ 238 U ratio as a function of distance from the spherule’s center on sample U2. 
Note the logarithmic y-axis. Data are separated into SIMS measurements taken in the bright and dark 
regions of using the Ca X-ray compositional map in the inset. The higher Ca region is the bright region and 
is bounded by the dashed blue and solid red lines while the dark region contains less Ca is bounded by the 
solid red line and show a bimodal distribution. Regions denoted with hash marks within the bright region 
were excluded from this data subset. Uncertainties are 2cr. On the right are BSE (top; scale bar is 500 n m) 
and autoradiography (bottom; brighter indicates more activity). 

Eppich et al. (2014) studied fallout from the same U-fueled event, but performed bulk 
isotopic and elemental analyses [57]. They dissolved 28 entire samples of aerodynamic glassy 
fallout and analyzed them for major elements, trace elements, and isotopes of U (along 
with its several isotopes of its decay daughters) [57]. Again, in contrast to Trinity and 
consistent with observations in Lewis et al. (2015), there was no observable correlation 
between unfissioned U fuel and Ca in samples from this U-fueled test [60]. In fact, there was a 
weak inverse correlation between 235 U/ 238 U and Ca (R 2 =0.47), and no observable correlation 
between U and Ca concentrations. Finally, they observed similar isotope ratios to Lewis et 
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al. (2015), but their observations spanned a smaller range, between 2.3< 235 U/ 238 U<7.7, 
bolstering the argument that anthropogenic material is likely volumetrically distributed in 
these glasses. 

Holliday et ah (2017) also reported spatially-resolved observations (autoradiography and 
SEM/EDS) from a Pu-fueled device. In polished samples of aerodynamic glassy fallout, 
they report Ending correlations between Pu (inferred from autoradiography), Ca, Mg, and 
Fe (from compositional X-ray maps) observed in samples from Trinity [55]. 

How anthropogenic material is incorporated into fallout 

Miller’s “go/no go” condensation model and Norman and Winchell’s diffusion-limited the¬ 
ory remain the primary sources of understanding how radionuclides will distribute in fallout. 
That is, refractory material from the vapor phase will tend to disperse volumetrically and 
volatile species in the vapor phase will tend to coat the exterior and will frequently ex¬ 
hibit a strong radial concentration gradient from the surface inwards (just as Norman and 
Winchell’s fallout glass with diffuse coating of Fe and Pb did) [43]. However, these theories 
do not explain the observation of Weisz (2016) of associations between U, Ca, Mg, and Fe 
at compositional interfaces or in samples from Trinity and the Pu-fueled test from Holliday 
et al. (2017) between Pu, Ca, Mg, and Fe [55, 67]. 

The observation of Weisz (2016) of the co-location of U, Ca, Mg, and Fe at compositional 
interfaces between two collided and agglomerated objects offers the only analytical evidence 
for another way anthropogenic material can be incorporated into fallout, possibly being a 
late-stage deposition layer from the vapor phase [67]. The interfaces are typically <10 fim 
wide and ~100 /mi across and tend to occur infrequently in fallout samples collected from this 
test. The frequency of these interfaces and the amount material located at them represent 
an extremely small total fraction of glassy fallout’s volume. Accordingly, the contribution 
they make to the volumetric incorporation of unfissioned fuel is likely small. 

There have been proposals or observations to explain the volumetric incorporation of 
unfissioned fuel observed in aerodynamic glassy fallout [57, 60]. Eby et al. (2015) and 
others studying aerodynamic glassy fallout (e.g., [35, 60, 67]) have noted millimeter-scale 
flow-banding patterns when these glasses are polished to expose their interiors and examined 
under electron microscopy, indicating physical mixing of bulk molten material on the scale of 
many of these glasses’ diameters [30]. In silicate melts, mass transport can occur through two 
processes: diffusion or bulk convective flow [82]. If diffusion length scales are insufficient, this 
millimeter-scale mixing of molten material could help distribute radionuclides that condense 
on the surface into the molten particle’s center. In the case of Trinity and other Pu-fueled 
devices, Pu appears primarily associated with Ca, Fe, and Mg. 

The correlation of Pu with Ca, Mg, and Fe in Trinity and the other Pu-fueled test occurs 
not only at interfaces between agglomerated and host objects, but throughout the sample. 
The initial observation of Fahey et al. (2010) of Pu and Ca co-location in trinitite has led 
many researchers to attempt to establish a correlation, not just a co-location, between Pu 
and Ca (and later Mg and Fe), but the trends have not been particularly strong [61, 65]. 
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Others have sought to use the relationship between these major elements and unfissioned 
fuel in fallout as a theoretical basis to further our understanding about fallout formation, 
leading to two recent proposals: 

• That Pu and Ca (along with Mg and Fe) co-condensed from the vapor state into the 
melt [66]. 

• The incorporation of Pu (and other anthropogenic species) is controlled by the viscosity 
of the melt, and melts high in Ca, Mg, and Fe tend to have lower viscosity at a given 
temperature than the other glassy phase compositions [55]. 

Bonamici et ah (2017) observed that Pu is solely co-located with a glass composition 
described as a “CaMgFe” glass in their samples of fallout from Trinity [66]. Using autoradio¬ 
graphy, SIMS for Pu isotopics, and EPMA for major elements in Trinity fallout, Bonamici 
et al. (2017) observed that the majority of radioactivity (and therefore Pu) is contained 
in what they call a “CaMgFe” silicate glass, which is the “volumetrically dominant glass 
phase” in their samples [66]. 14 The other glassy phases comprising their samples: a silica- 
rich glassy phase, alkali-rich glassy phase (feldspathic), and Ca-rich glassy phase show little 
to no radioactivity. 

They interpret the association of Pu and the CaMgFe glass to result from Pu and the 
CaMgFe glass having both been vaporized and co-condensed onto the other glassy phases, 
which were simply melted. In addition, they propose that this co-condensation is controlled 
by volatility, arguing that as pure elements, Ca, Mg, and Fe are more refractory than Na, 
K, and Si, and should condense with Pu, a known refractory in both air and surface bursts 
[5]. However, Al is the most refractory elemental species present as a major element in their 
samples, but they note that Al often displays a large enrichment in the CaMgFe glassy phase 
relative to sediment. Bonamici et al. acknowledge that their co-condensation hypothesis is 
contentious. It goes against decades of understanding of fallout formation, countering historic 
observations ( e.g ., [14, 27]) and calculations (e.g., [25]) that condensation alone leads to 
particles with maximum diameter of ~20 /irn. It is also counter to recent attempts to model 
the fallout formation processes in air bursts, which match historic observations well [12]. 
Bonamici et al. (2017) argue that these models assume homogeneous nucleation in a clean 
plasma and do not account for the presence of a significant amount of molten material that 
acts heterogeneous nucleation sites, which may greatly enhance condensation behavior. This 
argument relies on several works modeling the formation of spherules in asteroid impacts 
(e.g., [83]). However, it is unclear if fallout formation in a nuclear detonation can be explained 
using models for spherule formation in asteroid impacts. 

In contrast, Holliday et al. (2017) proposes that melt viscosity controls Pu incorporation 
[55]. In their samples from a Pu-fueled test, they observed Pu activity primarily in regions 

14 While they present their samples as being aerodynamic glassy fallout and some samples do show a 
degree of sphericity and symmetry. However, the exposed cross-section appears highly vesicular and appear 
to contain a large amount of unmelted minerals. As such, several samples appear to be closer to trinitite 
ground glass than aerodynamic glassy fallout in type. 
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with a “mafic” (approximately 45 wt.% Si0 2 , 25 wt.% CaO, 15 wt.% A1 2 0 3 , 10 wt.% MgO, 
and 5 wt.% FeO) composition but absent in the two other glassy regions: one with a “felsic” 
composition (approximately 60 wt.% Si0 2 , 20 wt.% A1 2 0 3 , 10 wt.% K 2 0, and 5 wt.% Na 2 0), 
and one of nearly pure Si0 2 . While their observations are consistent with Pu being associated 
with Ca, Mg, and Fe, they also report Fe or Mg inclusions with no Pu associated. This is 
counter to volatility-controlled processes that would lead to Pu always being associated with 
any large enrichment in Ca, Fe, or Mg. They instead propose a viscosity-controlled process, 
calculating the viscosity as a function of temperature for the three compositional regions. At 
most temperatures, the viscosity of the mafic phase is «3-4 orders-of-magnitude below the 
felsic phase and ~7-8 orders-of-magnitude below pure Si0 2 [55]. As such, how unfissioned 
fuel is incorporated into the bulk of melts and why Pu tends to be associated with Ca, Mg, 
and Fe in glassy fallout remains unsettled and requires further exploration and study. 

1.5 This study 

Agglomeration, despite being commonly observed in both historical and current research of 
fallout in surface bursts, remains largely unstudied. In air burst debris, models suggest that 
agglomeration largely controls the shape of the size distribution. Agglomeration’s impact 
on chemical fractionation has not been investigated (possibly because chemical fractionation 
in air bursts is small relative to surface burst debris [18]), and in surface bursts, the role 
of agglomeration in forming and altering fallout is ignored [5]. Authors have cited this as 
one of the major weaknesses in fallout formation models and hypothesized agglomerative 
effects could be responsible for the large deviations between modeled and observed chemical 
fractionation predictions at larger fallout dimensions [3, 5]. In surface bursts, it remains 
unclear if agglomerates contain a significantly different radionuclide inventory than their 
host objects. In addition, it is unknown if agglomerates comprise a large enough volume 
within samples to possibly alter the overall radionuclide or major element composition of 
millimeter-scale glassy fallout samples. 

In air burst debris, agglomeration is known to create larger particles than expected, 
with particles larger than 1 /um frequently appearing as multiple particles adhered to each 
other [14, 36]. In surface bursts, because of the much higher material density when large 
masses of carrier material are introduced into the fireball, agglomerative effects should be 
more pronounced. In particular, there is a need to study the frequency, size, and location 
of agglomerates, and to characterize their major element and radionuclide compositions to 
determine whether they are likely sourced from similar melts and whether they incorporated 
similar amounts of radionuclides from the fireball vapor term as host objects. Such behavior 
could potentially affect the overall radionuclide composition of aerodynamic glassy fallout 
samples. 

The frequency of observed agglomerates is of interest because if agglomeration and ag¬ 
glomerates greatly alter fractionation and the size distribution in aerodynamic glassy fallout, 
it would be because it occurs often and agglomerates therefore should make up some signifi- 
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cant volume of glassy fallout. The dimension of agglomerates also matters. If some agglom¬ 
erates were formed through a fundamentally different mechanism (i.e., primarily constituted 
from the condensing vapor term instead of molten material onto which relatively little vapor 
phase material condensed onto and mixed into), they are likely to occur at smaller dimen¬ 
sions (<20 /irn), the approximately maximum dimension of observed fallout particles from 
airburst debris [14]. Observing the location of agglomerates is also useful. Agglomerates are 
observed attached to the exterior of glassy fallout samples. Samples polished to expose an 
interior cross-section have been found to also contain agglomerates at the surface of samples 
[68]. Agglomerates attached to the exterior of samples must have accreted and coalesced 
with the host when both were close to closure, relatively late in time and at relatively low 
temperatures (Fig. 1.8). In contrast, agglomerates fully incorporated to the interior of sam¬ 
ples must have accreted with the host object at comparatively early times, when the host 
was still molten enough and low enough in viscosity to envelop the agglomerate. Given that 
chemical fractionation is a time, temperature, and species dependent process, comparing 
the major element and radionuclide composition amongst agglomerates located in different 
regions of the sample (i.e., attached to the exterior, at the surface, or fully incorporated 
into the host object) will allow a comparison between agglomerates to determine if there is 
a persistent difference between the major element composition and U isotope composition 
between agglomerates located in different regions of a sample. 

Finally, characterization of agglomerates will serve to bolster or refute the claim made 
by Glesston 1966 (in Russian, but summarized by Izrael [10]) that once entrained, material 
does not move very far in the fireball before it exits and quenches. Specifically, Glesston 
states that the distance parcels of melt travel in the fireball before quenching is small (see 
Izrael, Ch 1, p. 10) [10]. Izrael uses this claim to justify the assumption of neglecting 
turbulence and other motion and calculating formation using Brownian motion alone. This 
hypothesis would predict that molten materials that agglomerated would experience similar 
vapor environments, and thus likely incorporate similar amounts of material from the vapor 
term (still being dependent on the curvature of the parcel of melt, the miscibility of vaporized 
species onto the melt, the composition of the different melts, etc.). 

Goals of this study 

The goal of this study is to characterize and compare the major element and U isotopic 
composition of agglomerates and the objects they are attached to (the hosts) to determine 
if (a) the frequency and size of agglomerates is significant enough to appreciably alter the 
major element or radionuclide composition of millimeter-scale glassy fallout samples, (b) 
if agglomerates and hosts are likely derived from similar starting melts, and therefore, are 
likely formed in a similar manner to hosts, and (c) if they have consistently incorporated a 
significantly different amount of enriched U from the vapor term of the fireball, suggesting 
they experienced a significantly different fireball environment prior to agglomerating. 

Small agglomerates may be created in several ways. First, they may originate as smaller 
parcels of melt that were lofted into the fireball sooner and had more intimate and longer 
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contact with the fireball, leading to a greater incorporation of material from the vapor term. 
If this were the case, and based on their smaller radii and higher surface area to volume 
ratio, they may show evidence having been more thoroughly heated and could possibly 
exhibit some volatile loss (measured through a relative depletion in the alkali oxides) and/or 
have more thoroughly mixed material in the vapor phase compared to larger objects. In 
addition, if U behaves with intermediate volatility in silicate surface bursts (as empirical 
data indicates), U would exhibit some enrichment in smaller agglomerates relative to the 
larger host objects they are attached to [47]. If smaller melts were lofted into the fireball 
sooner, they should have incorporated more U than larger glasses due to longer residence 
times in the fireball. Finally, following Glesston (1966), if the mean free path of melts is small 
while in the fireball, agglomerates would likely experience a similar fireball environment to 
their hosts, and therefore exhibit similar U isotope ratios [10]. 

Smaller agglomerates may also be formed by the break-up of larger parcels of melt. 
This can and should be expected given the turbulent currents these melts are expected 
to experience, which could shear larger particles into smaller particles, depending on their 
surface tension. In addition, many collisions between melts and solids in the fireball will not 
result in agglomeration, but could either result in no mass transfer or the break up of melts. 
If smaller agglomerates are formed in this way, particularly late in the fallout formation 
process, there should be little no difference in major element composition or U isotope ratio 
between agglomerates and hosts. 

Thesis of this study 

Agglomerates are likely formed through several different mechanisms: the melting of smaller 
soil grains, the breakup of larger melts due to fireball turbulence, and the condensation of 
primarily vapor phase material within the fireball. As a result, characterizing many agglom¬ 
erates will likely show evidence for agglomerates formed through all of these mechanisms. 
Agglomerates formed from smaller size fractions of soil may have been lofted into the fireball 
earlier and therefore show some evidence for volatile loss or a persistently different composi¬ 
tion than hosts formed from melts derived from larger size fraction soils and may incorporate 
more U from the fireball than hosts due to longer residence times in the fireball. Agglom¬ 
erates formed from the breakup of larger melts will likely shown no significant differences 
in major element or U isotopic composition, unless they were formed from the mixture of 
molten soils of significantly different major element composition or incorporated U from a 
different part of the fireball which had a significantly different U content in the vapor phase 
prior to breaking up, colliding, and agglomerating with the host glass. Finally, agglomerates 
formed through a fundamentally process, such as condensation of primarily vapor phase ma¬ 
terial, should be rich in anthropogenic materials in addition to radionuclides, such as likely 
materials that may comprise the casing of a nuclear device such as Fe and Al, and enriched in 
unfissioned fuel relative to host glasses. Finally, the statement in Glesston (1966) regarding 
the mean free path of parcels of melt in the fireball is counterintuitive given the rapid expan¬ 
sion of the fireball, the expected high degrees of turbulence, and the timescale for cooling 
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(~s), so agglomerates that have frequently incorporated a different amount of material from 
the vapor phase (i.e., anthropogenic U) should be observed with some frequency [10]. 

In addition, given the relatively low frequency of observed agglomerates in recent studies 
( e.g., [60, 68]) and in tektites, the natural analogues to glassy fallout formed when meteorites 
collide with the Earth, impact-melting large masses of soil (e.g., [76]), agglomerates will likely 
not volumetrically comprise a large enough fraction of a fallout glass to appreciably alter 
either the major element or radiochemical composition of an entire sample when considered 
as a whole (i.e., the measured major element or U isotopic composition of a bulk dissolved 
and analyzed glassy fallout sample). 15 

Scope of this study 

This study characterizes agglomerates and host objects starting from an initial sample suite 
of 49 glassy fallout samples from a single, historic nuclear test whose fuel was highly enriched 
U. While previous studies of fallout from this test have focused on millimeter-scale fallout 
([57, 60, 67-69, 84]), the samples studied here were selected from a range of sizes, from 
approximately 250 /xm up to nearly 1 cm in dimension. 

These 49 samples are characterized using optical microscopy, electron microscopy, and 
autoradiography before being downselected to characterize the hosts and agglomerates in a 
subset of samples. Of the 49 samples, 32 are downselected and characterized with elemental 
X-ray maps to identify agglomerates for further study. In 18 of these samples, the size, 
location, and frequency of agglomerates is measured. In 37 samples, the host composition is 
characterized using energy-dispersive X-ray spectroscopy (EDS) to determine the range of 
compositions spanned by the hosts. To compare these host compositions to agglomerates, 
the major element composition of 58 agglomerates in 15 samples is also characterized. To 
compare the U isotopic composition between hosts and agglomerates, U isotope ratios were 
measured in 18 host objects and 36 agglomerates in 13 samples using secondary ion mass 
spectrometry (SIMS). These analyses analyze microvolumes of material, having a spatial 
resolution of 10-30 /xm, allowing for the characterization of U isotope ratios within small 
agglomerates. For this dataset, recent SIMS data from [60] and [67] in agglomerates and 
hosts was also used. 

The major element composition of the SIMS analyses regions were measured using EDS 
rasters within/around the SIMS analysis to form a combined U/major element dataset. 
Due to the large number of elements measured, to compare agglomerates and hosts, these 
two datasets (the major element and U/major element dataset) were analyzed using the 
multivariate techniques of principal components analysis (PCA) and multidimensional scal¬ 
ing (MDS). PCA allows for the 2D visualization of many dimensional space and reveals 
correlations amongst different variables (major elements) that creates the variance in the 
compositional dataset. This technique is used to visualize not only correlations between 

15 This hypothesis comes from observations of whole glassy fallout pieces and earlier studies from Lewis 
et al. (2015) and Weisz (2016), that commonly do have smaller spherules attached to their exterior, but the 
size these spherules is typically small compared to the volume of the larger host glass [60, 67]. 
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major elements but explore correlations between major elements and U isotopic enrichment, 
as has been repeatedly documented in the case of Pu’s correlation with Ca, Mg, and Fe in 
fallout glass samples from Trinity [55, 66, 80]. Furthermore, PC A is used to compare the 
major element and U isotope/major element composition of hosts and agglomerates to de¬ 
termine whether agglomerates could plausibly be derived from a different starting material 
than hosts. 

Multidimensional scaling is used to compare the similarity of entire objects (using the 
median composition of the agglomerates and hosts calculated from each of the two datasets) 
to determine how similar agglomerates are to hosts as a population. While multidimensional 
scaling is a model that projects the similarities of agglomerates from R n down to two or three 
dimensions, the exact measure of similarity (the Euclidean distance in multivariate space) 
is used to calculate the compositional and U isotopic/compositional similarity directly to 
the hosts they are attached to, revealing how similar agglomerates are to their host objects 
considering only their major element composition and then their U isotopic/major element 
composition. This analyses highlights whether agglomerates and host objects in the same 
samples were likely formed from similar starting melts (through similarity analysis using 
only the major element composition dataset) and incorporated similar amounts of enriched 
U from the vapor term in the fireball (through a similarity analysis using the combined major 
element/U isotopic dataset). 

Finally, to compare different agglomerates, the behavior of major elements across the dif¬ 
ferent compositional interfaces identified between hosts and agglomerates was characterized 
using high resolution quantified EDS compositional maps and isotope ratio raster images 
from SIMS. These data are used to better understand the ambient environment in the fire¬ 
ball as agglomeration occurred and discuss possible formation hypotheses for the different 
types of compositional interfaces observed. 

Outline of this study 

Chapter 2 presents an initial characterization and survey of the 49 glassy fallout samples. 
It shows optical micrographs, electron micrographs, and autoradiographs for all 49 samples 
and highlights representative and unique features amongst the sample set. It presents the 
analytical plan, showing how samples were downselected and the subsequent analyses per¬ 
formed. It also discusses the representativeness of the downselected samples to the sample 
suite as a whole for both the samples downselected for further characterization with EDS 
and those downselected for further characterization by SIMS and EDS techniques. 

Chapter 3 discusses agglomerates, how they are defined and how they are identified using 
different compositional interfaces, showing representative examples of agglomerates located 
in different regions of samples. The results from measuring the size, location, and frequency 
of agglomerates in 18 samples are given, showing how much area agglomerates occupy relative 
to host objects, the measured size distribution of identified agglomerates. Finally, detail as 
to how representative the agglomerates downselected for further characterization are relative 
to the agglomerates identified in the 18 samples is provided. 
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Chapter 4 discusses compositional measurements of fallout using EDS. The chapter de¬ 
tails how EDS spectra are collected, processed, and quantified, and shows how compositional 
measurements across host objects and agglomerates were performed. It then discusses the 
collection of compositional measurements across 37 hosts (n = 3,698), comparing these 
results to bulk analyses of entirely dissolved and analyzed fallout samples, and the EDS 
measurements within 58 agglomerates from 15 samples (n = 679). Host object and ag¬ 
glomerate compositions are compared to compositions measured in unmelted soil collected 
proximate to ground zero and discusses the sources of variation and major element trends 
using bivariate plots. The chapter concludes by searching for volatile loss (through system¬ 
atic depletions in alkali oxide compositions) in agglomerates and host objects based on their 
surface area to volume ratio. 

Chapter 5 discusses the U isotopic measurements in fallout using SIMS. It discusses SIMS 
and mass spectrometry as a method, the different SIMS analytical campaigns spanning from 
2012-2017, the different isotope ratios measured, and how the SIMS data are standardized 
to compare isotopic data between instruments collected over a five year span. A section 
is also dedicated to rastered isotope ratio images collected using the NanoSIMS ( e.g ., a 
235 U/ 30 Si) of a 15 n m x 15 fira region in fallout). The collection of U isotope ratios is 
discussed, showing the full range of the 235 u/ 238 U ratio measured in fallout from this test. 
Next these data were separated into isotope ratio measurements performed in host objects 
and agglomerates and the statistics of the two populations are compared. Furthermore, the 
deviation of the U isotopic enrichment of the agglomerates relative to their hosts is presented 
to determine whether agglomerates statistically incorporated more or less enriched U than 
their host objects. 

Chapter 6 then uses Principal Components Analysis to determine and analyze the major 
sources of variance in the dataset. It shows first how the compositions of the hosts, agglom¬ 
erates, and unmelted soil compare, then uses the second combined U isotope/major element 
dataset to search for correlations between U isotope ratios and major elements. It highlights 
and discusses major element and U isotope outliers, showcasing how these affect perceived 
trends in the dataset. Similar to the previous two chapters, it highlights how the combined 
U isotope ratio/major element composition of agglomerates compares to their hosts, draw¬ 
ing conclusions about how similar agglomerates are to their hosts when considering the U 
isotope and major element composition from these analyzed regions collectively. 

Chapter 7 uses the concept of compositional similarity (based on the Euclidean distance 
between objects in multidimensional compositional space, shorter distances implying objects 
are more similar) to compare the major element and combined U isotope ratio/major ele¬ 
ment composition of agglomerates and hosts (using the statistical median compositions as 
representing an entire agglomerate or host). These data are used to generate a 2D projection 
of all analyzed objects simultaneously using a method known as Multidimensional Scaling to 
show a single plot how the composition of agglomerates and hosts compare. Then, instead 
of applying on an approximate model, the exact Euclidean distance is between agglomerates 
and their host objects is calculated to show how similar agglomerates are to their particular 
hosts. 
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Chapter 8 uses high resolution EDS maps to characterize the behavior of major elements 
across the two different types of compositional interfaces identified in this study. One type, 
so-called in this dissertation “CaMgFe interfaces” was previously studied in detail by [68], 
who presents a possible scenario that leads to its formation. The other type, called “Si 
interfaces” here, have not been previously noted in the literature. These interfaces are 
analyzed in greater detail and a hypothesis about the environment in which they formed is 
presented by comparing glassy fallout to potential natural analogues known as chondrites. 

Chapter 9 shows ion and isotope ratio images from NanoSIMS analyses over both CaMgFe 
and Si compositional interfaces. The NanoSIMS analyses over CaMgFe interfaces collected 
for this study are compared to the results of previous studies and the U isotopic behavior and 
the 235+238 U/ 30 Si and 235 + 238 U/ 42 Ca behavior across Si interfaces is presented and analyzed to 
determine the possible condensation conditions within the fireball when Si interfaces formed. 

Chapter 10 summarizes the results from Chapters 2-9 and presents limitations of this 
study, hypotheses and future questions posed by this study, and possible avenues of future 
work that will lead to a more improved understanding of agglomeration and its role in fallout 
formation. 
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Chapter 2 

Initial Characterization and Survey of 
Samples 


2.1 Chapter overview 

This study characterizes aerodynamic glassy fallout samples from an historic uranium-fueled 
U.S. nuclear test. Fallout from this event has been previously studied, but this study includes 
a greater range of sizes and morphologies previous studies, including a large number of 
agglomerates. Starting from 49 samples, which span in dimension ~250 /jrn-7 mm, 37 
samples were analyzed with EDS and 18 samples were analyzed with SIMS and EDS. 

Previous studies have shown that compositional textures within samples preserve evi¬ 
dence of agglomeration. The compositional interfaces imply agglomerates are distinct ob¬ 
jects, with their own major element compositions, U isotope compositions, and histories 
within the fireball prior to agglomeration with the host. By studying agglomerates, this 
study expands the dimensions of analyzed glassy fallout samples characterized by modern 
techniques to as low as 17 jum. 


2.2 Previous characterization studies 

Fallout from this same test has previously been analyzed by Eppich et al. (2014), Lewis et 
al. (2015), Weisz et al. (2017, 2018), and others, as discussed in Chapter 1. These studies 
characterized glassy fallout samples with diameters ~1 mm exhibiting “aerodynamic” mor¬ 
phologies, (i.e., highly symmetric, often being oblong or nearly-spherical glassy materials). 

Previous studies have been limited to a narrow size range, and either dissolved whole 
samples or used spatially-resolved techniques to characterize a limited number of samples. 
Despite focusing on limited size ranges, previous observations have nonetheless advanced 
the understanding of fallout formation, timescales of closure, and chemical speciation in the 
fireball. Collections of glassy fallout from this test expand previous studies, and contain 
samples ranging in dimension from 250 jum to nearly 1 cm in scale. 
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Eppich et al. (2014) performed bulk dissolution of 22 glassy fallout samples ranging in 
mass from 7.1 to 35.6 mg and reported measurements major and trace element concentra¬ 
tions, as well as isotope ratios of U, Th, and Pa. They reported a wide range in measured U 
isotope ratios, from 235 u/ 238 U = 2.321 ± 0.003 to 7.725 ± 0.008. The morphologies of their 
samples were broadly characterized as either being quasi-spherical or oblong. Their study 
found no bulk compositional difference between the two morphologies, however they noted 
that their oblong samples exhibited a higher frequency of agglomeration on their surface 
compared to the quasi-spherical samples. These observations suggested that agglomerates 
and their hosts are neither chemically nor isotopically distinct. 

Looking at similar samples, Lewis et al. (2015) used spatially-resolved analytical tech¬ 
niques to characterize the U isotope heterogeneity and major element composition within 
individual pieces of glassy fallout [60]. The five samples of glassy fallout from this study 
(samples U1A, U1B, U2, U3, and U4) were quasi-spherical in morphology and ranged 
in mass from 2.5 to 14.8 mg (Table 2.1). SIMS measurements within these five samples 
showed that the 235 u/ 238 U ratio spans nearly three orders of magnitude between the sam¬ 
ples (0.02 < 235 U/ 238 U< 11.81) and greater than a factor of 350 within a single sample 
(0.02 < 235 U/ 238 U < 7.41). In the suite of five samples, three trends were noted: in two 
samples, U isotopes were generally homogeneously distributed; in two samples U isotopes 
were co-located with distinct compositional regions; in the final sample U isotopes were het¬ 
erogeneously distributed with no apparent trend in major element composition. Although 
intriguing, the prevalence of these isotopic and compositional trends in fallout remains un¬ 
known. This was the first study of its kind, but was limited by a small sample set, uniform 
morphology, and limited range in sample dimensions. 

In a further spatially-resolved study, Weisz et al. (2017) characterized the U isotope ratio 
and major element behavior between agglomerates and host glasses in four samples of glassy 
fallout from the same event (samples AA.B, AE.C, AG.D, and AH.E; Table 2.1). The Weisz 
samples were oblong glasses selected because they exhibited small agglomerates adhered to 
their surfaces. The study found that these agglomerates retain a distinct compositional 
interface between themselves and the host objects they are attached to. Seven of the nine 
characterized interfaces were enriched in 235 U/ 30 Si (used as a proxy for U concentration), 
235 U, and the major elements Fe, Ca, Mg, Na, and K. They interpreted these interfaces as 
a late-stage deposition layer from the vapor phase of the fireball that occurred just prior 
to agglomeration. This indicates that the agglomerates and their host glasses retain their 
distinct major element and isotopic compositions, preserving individual thermal and chemical 
histories related to interactions with the fireball. This study, albeit of a limited sample set, 
was the first to observe these interfaces. While the study focused on interface enrichments, 
it did not compare host and agglomerate compositions, and therefore leaves unanswered how 
different the U isotopic and major element compositions are between the host object and 
agglomerate populations. 

Historic studies of fallout documented occurrences of different types of glassy fallout, 
but primarily focused on fallout with limited dimensions and morphologies. Agglomerates 
appear to be a common feature in fallout from near-surface tests. Recent spatially-resolved 
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studies of glassy fallout suggest agglomerates and hosts retain their distinct compositions, 
which may be linked to their individual fireball histories. In addition, agglomerates provide 
access to a much smaller size range of fallout, allowing for a fuller picture of activity-size 
relationships than has been characterized in recent studies. The studies described above 
pose new questions, including: 

• What is the prevalence and frequency of agglomerates in samples of different sizes? 

• Is there evidence for agglomeration in the interiors of samples, or is this feature limited 
to sample surfaces? 

• If agglomerates are preserved within samples, how do their compositional interfaces, 
size, and frequency compare to exterior agglomerates? 

• Are agglomerates and hosts formed by similar processes? 

• Have agglomerates and hosts incorporated similar amounts of material from the vapor 
phase of the fireball? 

To address these questions, a larger and more diverse sample set was selected for this 
study (49 samples). One part of this sample suite includes samples from the Lewis and Weisz 
studies [60, 67]. Others are previously uncharacterized. Collectively, these samples and data 
will form a basis for a better understanding of the bulk incorporation of anthropogenic 
material into fallout by studying the source, frequency, and role of agglomeration in forming 
in fallout. 


2.3 Sample suite and down-select ion 

The samples for this study comprise a population of 49 pieces of glassy fallout collected near 
a U-fueled near-surface nuclear test. All 49 samples were imaged using using backscatter op¬ 
tical microscopy, electron microscopy, and autoradiography (Figs. 2.12-2.19). Of the 49, five 
are samples that were also previously characterized using secondary ion mass spectrometry 
(SIMS), scanning electron microscopy (SEM), and electron probe microanalysis/wavelength- 
dispersive x-ray spectroscopy (EPMA/WDS) by Lewis et al. 2015 (samples U1A, U1B, U2, 
U3, and U4; [60]), four were characterized by Weisz et al. 2017 (samples AA.B, AE.C, AG.D, 
and AH.E; [67]) in their study of interfaces between glassy objects attached to hosts. Forty 
additional samples were selected from sieved fallout collections for this study. 

Thirty-seven samples were downselected for further study and their chemical composition 
measured using energy-dispersive x-ray spectroscopy (EDS). Compositional and textural ev¬ 
idence for agglomeration was identified across the population. Agglomerates are observed in 
this sample suite adhered to the exterior of hosts, at the surface of hosts, and fully incorpo¬ 
rated into hosts. Chemical compositions of 53 agglomerates were also characterized by EDS 
in 15 samples. To quantify and compare the U composition of hosts and agglomerates, 18 
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samples characterized by EDS were also characterized by SIMS. Within the set characterized 
by SIMS, 37 agglomerates in 13 samples were characterized for their U isotope composition. 
Figure 2.1 shows the selection of characterized samples, hosts, and agglomerates for EDS 
and SIMS analyses; Table 2.1 lists the studied samples and how they were characterized. 



Figure 2.1: Initial characterization and down-selection of hosts objects and agglomerates for further anal¬ 
yses. Samples were characterized by a variety of methods including EDS (for major elements), SIMS (for 
235 U/ 238 U, 235 U/ 30 Si, and 235 U/ 42 Ca), and X-ray compositional mapping. For methods used to characterize 
each sample, see Table 2.1. 


Table 2.1: Table of sample IDs, basic physical properties, peak activity (shown as the max pixel value from 
a 16 bit autoradiograph image; see Section 2.7), and analyses performed. Samples are sorted by their cross- 
sectional area. The * and ** superscripts denote samples also characterized by Weisz et al. (2017) and Lewis 
et al. (2015), respectively. Samples that were not massed prior to polishing are denoted with a “n.m.” in 
the Mass column. 


Cross-Sectional Equiv. Dia- Peak Activity Host EDS X-ray Compo- Host SIMS 
Sample ID Mass (mg) Area (/rm 2 ) meter (mm) (max pixel val.) Meas. sitional Maps Meas. 

FLD9 19312 4.15E+07 7.27 56118 X X 

FLD13 68.7 1.72E+07 4.68 44066 X X 

FLD11 105.2 1.56E+07 4.46 53133 X 
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FLD10 

FLD12 

FLD14 

AA.B* 

FLD15 

AG. D* 
FLD7 
U3** 
FLD1 

AH. E* 
U4** 
AE.C* 
FLD17 
FLD16 
FLD20 
FLD23 
FLD18 
CD 

FLD21 

CC 

U1A** 

U2** 

FLD3.1 

FLD3.3 

FLD28 

FLD4.2 

FLD4.3 

FLD4.1 

FLD4.4 

FLD3.2 

FLD25 

U1B** 

FLD2 

FLD6.7 

FLD5.3 

FLD5.2 

FLD5.5 

FLD5.1 

FLD5.4 

FLD6.2 

FLD6.8 

FLD6.5 

FLD6.3 

FLD6.4 

FLD6.6 

FLD6.1 


92.2 
45.6 

27.9 

16.5 

20.9 
12.0 

14.8 

9.4 

14.4 

11.2 

11.6 

13.8 

13.9 
5.8 

11.7 


1.52E+07 

8.07E+06 

6.54E+06 

6.24E+06 

4.72E+06 

4.56E+06 

4.54E+06 

4.41E+06 

4.20E+06 

4.15E+06 

3.90E+06 

3.88E+06 

3.88E+06 

3.65E+06 

3.36E+06 

2.91E+06 

2.61E+06 

2.60E+06 

2.50E+06 

2.43E+06 

1.97E+06 

1.86E+06 

1.83E+06 

1.80E+06 

1.80E+06 

1.73E+06 

1.70E+06 

1.67E+06 

1.58E+06 

1.53E+06 

1.51E+06 

1.41E+06 

1.28E+06 

9.55E+05 

9.47E+05 

9.45E+05 

8.04E+05 

7.74E+05 

7.00E+05 

6.43E+05 

5.71E+05 

1.88E+05 

1.67E+05 

1.44E+05 

1.01E+05 

6.21E+04 


4.40 

3.21 
2.89 
2.82 

2.45 

2.41 

2.40 
2.37 
2.31 
2.30 
2.23 

2.22 
2.22 
2.16 
2.07 
1.92 
1.82 
1.82 
1.78 
1.76 
1.58 
1.54 
1.53 
1.51 
1.51 
1.48 
1.47 

1.46 

1.42 

1.40 
1.39 
1.34 
1.28 
1.10 
1.10 
1.10 
1.01 
0.99 
0.94 
0.90 
0.85 
0.49 
0.46 
0.43 
0.36 
0.28 


47532 X 

53443 X 

39243 X 

39243 X 

43517 X 

51887 X 

52560 

39050 X 

47031 

50434 X 

45444 X 

44851 X 

41302 X 

49855 X 

43464 X 

38461 X 

41580 X 

59381 X 

35256 X 

65535 X 

31230 X 

42067 X 

55464 X 

47578 X 

39174 

52523 X 

54624 X 

41397 X 

41422 X 

32420 X 

32084 X 

46372 X 

32260 
36787 

35579 X 

43533 X 

44324 X 

44539 X 

41430 X 

34703 

29007 

19199 

25905 

21014 

23233 

23025_ 


X 

X 

X 

X 

X 

X 

X 


X 

X 

X 
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X 
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2.4 Sample collection and selection 

All samples for this study, including those used in previous studies ( e.g ., [60, 67]) were 
collected along the path of the fallout plume of an historic nuclear test. The collects were 
obtained from the upper 10 cm of sediment [57]. The collects of bulk soil and fallout were 
then sieved by size. These size-sorted mixtures of soil and fallout were then inspected under 
an optical microscope to manually separate fallout glasses from the soils. Fallout glasses are 
easily identified in soil collections by their vitreous luster and smooth morphologies. The 
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Figure 2.2: Photograph of typical sediment from near ground zero. The sediment includes fine clays and 
minerals as well as larger, centimeter-scale gravels and volcanic clasts. The dark, glossy objects visible in 
the image are fallout glasses. The blue object in the bottom left of the image is the cap of a Sharpie pen, 
shown for scale. In this image, irregularly-shaped fallout glasses tend to be larger than the more symmetric 
fallout glasses (such as those to the right of the pen cap). 


sediments proximate to this test contain abundant volcanic lithics and the dominate minerals 
include quartz and feldspars (Fig. 2.2) [57]. 

Sample selection was motivated by several criteria. Samples U1A-U4 were five samples 
selected at random from two similar size fractions (selection described further in Lewis et 
al. (2015)). Samples AA.B, AE.C, AG.D, and AH.E were selected for this study primar¬ 
ily because they contain agglomerates and to build on prior work characterizing both the 
agglomerates and hosts with SIMS, SEM/EDS, and EPMA (previously studied by Weisz 
(2016) and Weisz et al. (2017)). The remaining 40 samples were selected from different size 
fractions to diversify the studied fallout population. With this population, glassy fallout 
ranging in equivalent diameter from 0.28 to 7.27 mm are included, with morphologies rang¬ 
ing from symmetric and near-spherical to highly asymmetric. These additional samples were 
chosen at random without regard to the presence or absence external agglomerates. Finally, 
several of the new samples were selected based on their relatively high specific activity, which 
is discussed more in Section 2.7. Measured masses range from 2.5 to 193.2 mg (Table 2.1), 
though several samples were not massed before being prepared for further analysis. Esti¬ 
mates of their masses is calculated from their exposed cross-sectional areas and discussed in 
the next section. 

The optical images of the unpolished samples exhibit a range of morphologies, symmetry, 
and texture. Most samples are light to dark green in color, except for sample FLD25 (Fig. 
2.5), which varies from translucent to a lightly opaque grey. The two previously studied 
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Figure 2.3: Optical micrographs of intact glassy fallout samples. Top image shows samples AA.B, AE.C, 
and AG.D and bottom image shows samples AH.E, FLD9, and FLD10. These samples are elongated and 
all exhibit some agglomerates preserved on their exteriors. Sample FLD10 is distinct because of the lighter 
rocky region at its surface. FLD9 is the largest studied sample at over 7 mm in length. 



Figure 2.4: Optical micrographs of intact glassy fallout samples. Top image shows samples FLD11, FLD12, 
and FLD13 and bottom image shows samples FLD14, FLD15, and FLD16. FLD11 preserves evidence of the 
collision of multiple melts of similar dimension. FLD12 is notable for the preservation of unmelted dust and 
minerals surrounding its exterior. 


morphologies, nearly-spherical and oblong are well represented (e.g., samples AA.B, AE.C, 
AG.D, AH.E and samples FLD20, FLD28, U1A, U1B, U3, and U4, respectively). These 
samples, and most others, exhibit smooth exteriors. Counter examples include samples 
FLD10, which has an exposed rocky center (Fig. 2.20) and FLD16, which may have been 
cleaved from a larger piece of fallout glass (the cleaved surface visible at the bottom of FLD16 
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Figure 2.5: Optical micrographs of glassy fallout samples. Top image shows samples FLD17, FLD18, and 
FLD20, and U1A and bottom image shows samples FLD21, FLD23, and FLD25. These samples preserve 
agglomerates at their exterior. Sample FLD25 is much lighter in color (appearing grey) than the other 
samples (which tend to be darker and green hued). The surface of FLD18 is distinct as it appears matte 
instead of glossy (see also sample FLD15 in Fig. 2.4). 



Figure 2.6: Optical micrographs of glassy fallout samples. Top image shows samples FLD28, U1A, and U1B 
and bottom image shows samples U2, U3, and U4. These samples are highly reflective and symmetric, as 
evidenced by the reflection of the optical microscope’s ring lights visible on the surface of each sample. 

in Fig. 2.4). The majority of samples have glossy exteriors with vitreous luster except for 
samples FLD11 and FLD12 (Fig. 2.3) where unmelted dust and minerals surround their 
exterior, dulling the surface, and samples FLD13, FLD15, and FLD18 (Figs. 2.4 and 2.5), 
where the surfaces are matte. Most samples have vesicles visible beneath their surfaces, and 
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several samples have dimpled centers ( e.g., samples FLD13, FLD23, and FLD25). Sample 
FLD13 is relatively flat, so the dimpled surface may be caused by the sample rotating while 
molten (axis of rotation being into the page), moving mass from the center toward the 
sample edges, flattening the sample and causing the dimpling. In contrast, the dimple in 
sample FLD23 is likely due to a large void at its center visible in its cross-section (Fig. 2.16). 
Similarly, sample FLD17 also has a large void observable in cross-section, but exhibited no 
surface dimpling on its exterior (contrast FLD17 in Figs. 2.5 and Fig. 2.15). 

Most unpolished samples preserve visible agglomerates on their exteriors. Agglomerates 
on samples appear to have formed as distinct parcels of melt that collided with the larger, 
primary melt (“the host”) just prior to quenching (Fig. 2.7). Most exterior agglomerates 
are nearly spherical, suggesting they solidified while still aloft and were close to solidification 
upon impacting the host melt (as many of the host objects are oblong). However, some 
agglomerates are oblong (e.g., the agglomerates visible in the top right and bottom right 
of samples FLD21 and FLD23 in Figure 2.5) and some exhibit highly elongated, stretched 
features (e.g., the two tail-like glassy features visible at the top and the right of sample 
FLD17 in Figure 2.5). In this sample population, agglomerates tend to be much smaller 
than their host object. One exception includes sample FLD11, which preserves the collision 
and accretion of least two similarly-sized melts, which have wrapped around one another 
(Figure 2.4). 



Figure 2.7: Backscatter electron image of unpolished aerodynamic fallout glass associated with the samples 
of this study. Agglomerates, or accretion features, are readily visible and denoted with yellow arrows. Image 
provided by J. Wilkinson. Sample was not included in this study. 
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Further characterization of the sample suite required the fallout glasses to be polished 
flat. Whole pieces of fallout were mounted in epoxy, which was then allowed to cure overnight 
in an 80°C oven. Next, to expose the interior of the samples at their approximate mid-plane, 
the mounted samples were successively polished with 240, 320, 400, 600, and then 800 grit 
sand paper. Final polishing used diamond polish pastes with average particle diameters of 
6, 3, and 1 jum. In between each polishing step, samples were sonicated for 5 minutes and 
rinsed with ethanol to remove residual grit or polishing paste from the previous polishing 
step. After polishing, samples were placed in an an 80°C oven to drive off residual water. 

Polished samples were sputter-coated with ~10 nm of carbon to conduct and dissipate 
excess charge during SEM and SIMS analyses (Fig. 2.8). Carbon is used as a conductive 
coating because its only characteristic X-ray, the 0.277 keV K„ X-ray, is low energy, so does 
not generally interfere with quantifying major elements of interest by EDS. Carbon does 
slightly interfere with the O 0.525 keV K a X-ray (which is not used for quantification in 
this study), but the Na K a X-ray is higher in energy (1.041 keV) and is resolved. While all 
conductive coatings attenuate X-rays to some degree, a carbon coating is the least attenu¬ 
ating, and at accelerating voltages above 10 keV and coating thicknesses below 15 nm it has 
a negligible effect on accuracy when quantifying chemical compositions [85]. 



Figure 2.8: Schematic of mounting a sample in epoxy, polishing it to its approximate mid-plane, and coating it 
with a conductive layer of carbon (left). Sample holders are made of stainless steel or aluminum (photograph 
at right). The example image of a sample holder contains two unpolished samples, FLD12 and FLD13, and 
three unpolished U-bearing standard glasses that have been covered with epoxy and the epoxy cured overnight 
(the second step in the schematic on the left). The other machined holes are filled with epoxy but contain 
no samples or standards. 


2.5 Physical characteristics 

Samples massed prior to polishing range from 2.5 to 193.2 mg, but the lower limit of the mass 
range is likely even lower, as not all samples in the suite of 49 were massed prior to polishing. 
For example, sample FLD6.1 has the smallest exposed cross sectional area (6.21 x 10 4 /jrn 2 ) 
approximately 20 times lower than sample Ul.B (2.5 mg, 1.41 x 10 6 /jrn 2 ). Assuming identical 
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densities and that their exposed cross-sections are through their mid-planes, sample FLD6.1 
would have had an unpolished mass of approximately 0.5 mg. 

The sample suite spans a large range of dimensions, best characterized through their 
cross-sectional areas. Cross-sectional areas were measured by tracing around electron micro¬ 
graphs of samples using ImageJ image processing software, with the scales adjusted individ¬ 
ually for each image [86]. As a basis for inter-sample comparison, the equivalent diameter is 
used. By measuring the cross-sectional area (A) and approximating the samples as spheres, 
the radius (r) is calculated by solving for r in A = n r 2 . 

Using cross-sectional areas to calculate equivalent diameters of unpolished samples may 
not be a highly robust assumption. Cross-sections may not be polished to the exact mid¬ 
plane, and while these objects are generally symmetric, several samples are observed to be 
oblong (Figs. 2.3-2.6), so the orientation they were mounted into the epoxy matters. Not all 
of the glassy fallout samples exhibited highly symmetric shapes and smooth, glassy surfaces. 
For example, FLD3.2 (Fig. 2.17) and FLD10 (Fig. 2.13) contain large unmelted soil-like 
regions that indicate either they only experienced partial melting or they were partially 
coated with molten environmental material. The center regions of FLD9 and FLD11 (Fig 
2.13) are highly vesiculated and are texturally similar to the center of FLD10. 

Equivalent diameters are listed in Table 2.1. The largest sample, FLD9, has an equivalent 
diameter of 7.3 mm, while sample FLD6.1 has a diameter of just 0.3 mm (Fig. 2.9). Based 
on the measured mass data and using equivalent diameters to approximate sample volumes, 
samples exhibit fairly uniform densities, despite the variation in the frequency and size of 
voids (see optical images of polished samples in Figs. 2.12-2.19). The mean and standard 
deviation of the estimated densities (calculated from 23 samples, see Table 2.1) are 2.2 ± 0.6 
g/cm 3 (lcr; ranging from 0.96 to 3.69 g/cm 3 ). These density estimates are similar to those 
observed in the sediments collected along with the fallout samples [57]. The sample with the 
lowest estimated density (FLD9, 0.96 g/cm 3 ) is also the largest sample and exhibits many 
exposed voids in cross-section. The sample with the next lowest density (FLD13, 1.28 g/cm 3 ) 
has few exposed voids. Sample FLD18 has the highest calculated density (3.69 g/cm 3 ) and 
also exhibits few voids in its cross-section. 


2.6 Scanning electron microscopy 

In scanning electron microscopy (SEM), the primary electron beam is scanned or rastered 
over the sample. The software forms an image by detecting electrons emitted from different 
interactions between the primary electron beam and the sample as a function of position. 
Generally, two types of electron emissions are detected: secondary electrons that best char¬ 
acterize the topography of a sample surface, and backscattered electrons that can be used 
to form qualitative images where differences in brightness reflect differences in the average 
composition of a sample. 
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Figure 2.9: Log histogram of samples’ equivalent diameters, calculated assuming the exposed cross-sectional 
area of the polished samples is circular. The vertical red line indicates the median diameter of the sample 
set. Due to the log x-axis, the histograms are of unequal width—there are 21 bins between 0.1 and 10 mm. 


Secondary electron imaging 

Secondary electrons are valence electrons that have received enough kinetic energy from 
inelastic scattering with the primary electron beam to be ejected from their bound orbits 
and leave the sample. They have low characteristics kinetic energies, on of the order of a 
few eV [87]. Because electrons quickly down-scatter in energy as they move through solid 
samples and require several eV of kinetic energy to overcome the material’s work function 
and escape the sample surface, secondary electrons are only able to escape from the top few 
nanometers from the sample surface (~1 nm for metals and ~10 nm for insulators) [87]. As a 
result, images formed from secondary electron emission emphasize the surface characteristics 
(morphology) of a sample. 

Secondary electrons are detected with a scintillator-photomultiplier detector. Due to 
the low energies of secondary electrons, they are easily manipulated by small electric and 
magnetic fields, so the detector is placed on the side of the analysis chamber, surrounded 
by a mesh Faraday cage. The Faraday cage has a small applied bias to guide secondary 
electrons to it, but once secondary electrons pass the Faraday cage, they are accelerated 
to high energies by the large bias placed on the secondary electron detector, which allows 
the electrons to scintillate the detector material effectively [87]. The Faraday cage ensures 
the large bias on the detector does not affect the primary beam electrons or backscattered 
electrons. 

Secondary electron images provide limited information for polished samples, primarily 
highlighting vesicles and cracks. In this study, secondary electron images are used to assess 
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damage to a sample’s conductive coating and image unpolished samples. 

Backscattered electron imaging 

Backscattered electrons are primary beam electrons that enter the sample and are ejected 
back out from the sample with typically high energies, up to the energy of the primary beam 
(15 keV). Because of their high energy, backscattered electrons can be emitted from deeper 
in the sample, up to 100 times deeper than SE electrons (up to ~100 nm for metals and 
~1 /irn for insulators) [87]. Generally, backscattered electrons are ejected from the sample 
by multiple large-angle elastic scattering events of primary beam electrons off of nuclei. 
Nuclei with higher atomic number (Z) have stronger electric fields, which produce large- 
angle scattering events with primary beam electrons more frequently, increasing backscatter 
electron emission. The fraction of backscattered electrons relative the number of primary 
beam electrons goes approximately as ln(Z) (ranging from less than 0.1 for Z < 10 to about 
0.5 for Z > 90). Different compositional regions can be distinguished with backscattered 
electron images if the differences in Z are large enough [87]. 

In this study, backscattered electron images are most frequently used to qualitatively 
characterize the gross compositional heterogeneity in polished sample cross-sections prior 
to compositional X-ray mapping of down-selected samples. Collection of a backscattered 
electron image takes seconds, while compositional X-ray maps may takes tens of hours to 
obtain statistically significant counts of characteristic X-rays per pixel (described below). 

Because both secondary electrons and backscattered electrons are emitted with a cosine 
distribution from the sample surface, the greatest flux of both types of electrons is anti¬ 
parallel to the direction of the primary electron beam [87]. Because the secondary electron 
detector is placed on the side of the analysis chamber in the SEM used in this study (see 
below), this reserves the region above the sample for the backscattered electron detector, 
which is an annular semiconductor detector that snaps over the aperture of the primary 
beam optics system. As backscattered electrons enter the semiconductor, they dissipate 
their kinetic energy in scattering events with electrons in the semiconductor, many of which 
gain enough kinetic energy to move into the conduction band (3.76 eV band gap for Si), 
creating an electron-hole pair. Applied biases on either side of the detector collect the 
electrons and holes, creating a detectable signal, which is converted to a voltage, amplified, 
shaped, and processed by software’s electronics and used to determine the intensity in each 
pixel in the image. 

SEM operating conditions 

An FEI Inspect-F Scanning Electron Microscope (SEM) is used for SE imaging, BSE imag¬ 
ing, and EDS measurements (both single analyses and compositional maps). The SEM is 
equipped with a semiconductor backscatter detector and scintillating secondary electron de¬ 
tector. Unless otherwise noted, all images were captured using an accelerating voltage of 
15 kV and a spot size of 5.0 (~1 nA primary e~ beam current). Pictures of larger samples 
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(>2.5 mm in diameter) were stitched together from several individual images collected using 
the same operating conditions. 

2.7 Autoradiography 

An autoradiograph predominantly records the distribution of f3 activity and near-surface 
a activity [60, 88]. However, given the low specific activity of U (present at ~10 ppm in 
these samples), these radiographs are dominated by the /3~ activity of long-lived fission and 
activation products [57]. 90 Sr and 137 Cs are the dominant sources of f3~ activity in decades- 
old fallout and are likely the main contributors to the activities shown in Figure 2.10. As an 
example, note four U-bearing glass standards with no appreciable /^-emitting radionuclides 
(with concentrations of approximately 50 ppm U and variable 235 U enrichment) highlighted 
with red circles in the autoradiograph (Fig. 2.10). The autoradiograph records no significant 
radioactivity in these synthetic glass standards. 

To create the autoradiograph in Figure 2.10, the samples were placed onto a Fujihlm 
BAS-SR photo-phosphor imaging plate (IP) for 10 days inside a light-blocking tent. The IPs 
have a spatial resolution ~50 /im. Because the linearity of the response of the him is not 
known, all 49 samples were imaged together on the same plate to allow for relative, quali¬ 
tative comparisons of the activity distributions. After 10 days, the samples were removed 
from the him and the him was digitized using a GE Typhoon 7000 laser scanner with the 
photomultiplier tubes (PMTs) set to a voltage of 750 V, which scanned the plates with a 
resolution of 25 /im /pixel. The scanner reads the image plates at a higher resolution than the 
IP spatial resolution to ensure no information is lost when digitizing the him. The digitized 
images of the autoradiographs are output as images with a 16-bit depth, yielding a maxi¬ 
mum pixel value of 65,535. After the hrst scan of the autoradiograph, the image contained 
several saturated pixels in samples with relatively high specihc activity. Because the image 
on the IP is not completely removed by a single scan with laser scanner, another scan was 
performed using the same resolution and PMT voltage, which produced the autoradiograph 
shown in Figure 2.10, which contains no completely saturated pixels [88]. Autoradiographs 
are then processed with ImageJ image processing software [86]. 

In Figure 2.11, the peak pixel value within a sample is used as a proxy of a sample’s 
overall activity. Mean pixel values are not presented because vesicles, heterogeneity of the 
distribution of activity, and diffusivity of the (3 particles prevent meaningful comparison. 
Larger samples appear more intense (darker) in the autoradiograph because the f3 particles 
have a relatively long mean free path (~1 cm in silicate glasses), so there is little self¬ 
shielding. As a result, in semi-log space, maximum pixel intensity plotted as a function of 
equivalent diameter shows an approximately linear trend. 

Despite the trend of larger samples appearing more intense simply due to greater mass, 
samples of similar dimension often exhibit greatly different activities. As examples, contrast 
sample U1A from U1B, sample FLD5.3 from FLD5.1, FLD5.2, FLD5.4, and FLD5.5, and 
FLD4.3 and FLD4.4 from FLD4.1 and FLD4.2 in Figure 2.10. Furthermore, several samples 
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Figure 2.10: Autoradiograph of all 49 samples taken as a single exposure. Red circles denote four U-bearing 
glass standards, illustrating the radiograph is dominated by /3~ activity in the fallout samples relative to 
the U (and other alpha-emitters) present at ~10 ppm. The 235 U enrichment and U concentration for each 
of the standard glasses is noted. 
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exhibit high activity given their exposed cross-sectional area, such as (in decreasing order): 
CC, CD, FLD3.1, FLD4.3, and FLD4.2 (Fig. 2.11). 
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Figure 2.11: Maximum pixel value of the samples’ autoradiographs as a function of their equivalent diameter 
(note the log x-axis), including vesicles and any unmelted regions in the samples. There is an approximately 
linear trend with sample size, likely due to a corresponding increase in sample thickness and the relatively 
long mean free path of the 0 particles in silicate glasses. The five samples that deviate from the approximately 
linear trend in semi-log space are marked. 

All samples contain some activity, indicating all glasses incorporated bomb vapor and 
radionuclides from the vapor phase, but to varying degrees. Furthermore, the activity dis¬ 
tributions within individual samples varies considerably. Qualitatively, individual samples 
within the sample suite exhibit both homogeneous and heterogeneous activity distributions. 
The likely causes of heterogeneous activity distributions is discussed in Section 2.8, where 
individual samples autoradiographs are compared to their optical and backscatter electron 
microscopy images. 


2.8 Composite Images 

Figures 2.12-2.19 show reflected light optical micrographs, BSE images, and false color 
autoradiographs for the polished cross-sections of all 49 samples. The optical micrographs 
highlight vesicles and cracks within the samples but otherwise reveal few topological features 
due to the high degree of polish required for SIMS and SEM analyses. Traverses of SIMS 
analyses are visible in the optical images of samples U1B, U2, and U3 as series of equally 
spaced analysis craters traversing the sample cross-section in a straight line (Fig. 2.19). BSE 
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Figure 2.12: Optical micrographs, backscatter electron micrographs, and false color autoradiographs of 
samples AA.B, AE.C, AG.D, and AH.E (previously analyzed by Weisz et al. (2017)). These samples all 
contain evidence for exterior agglomerates. Sample AE.C has a highly heterogeneous activity distribution 
while the activity distribution in AG.D is fairly uniform except in the high silica region on the left hand side 
of the sample (dark grey shade). Sample AH.E contains a large void space near the center. 
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Figure 2.13: Optical micrographs, backscatter electron micrographs, and false color autoradiographs of 
samples FLD9, FLD10, FLD11, and FLD12. Samples FLD9, FLD10, and FLD11 are highly vesiculated 
and have irregular morphologies. A linear area of low activity in sample FLD12 the passes through the 
large center vesicle. Sample FLD10 has a large region that shows little to no radioactivity, corresponding to 
unmelted or partially-melted rock. The top right of sample FLD11 appears lower in activity due to partial 
coverage by epoxy. 
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Figure 2.14: Optical micrographs, backscatter electron micrographs, and false color autoradiographs of 
samples FLD13, FLD14, FLD15, and FLD16. Samples FLD13, FLD14, and FLD15 have few vesicles and 
highly symmetric, smooth surfaces and homogeneous activity distributions. FLD16 retains irregular edges 
and several voids near one edge of the sample. 
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Figure 2.15: Optical micrographs, backscatter electron micrographs, and false color autoradiographs of 
samples FLD17, FLD18, FLD20, and FLD21. Sample FLD17 has a large void near its center, while samples 
FLD18, FLD20, and FLD21 have fewer, smaller voids distributed throughout their cross-section. 
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Figure 2.16: Optical micrographs, backscatter electron micrographs, and false color autoradiographs of 
samples FLD23, FLD25, FLD28 and FLD1. Sample FLD25 is the sample previously noted for its light, grey 
color and is relatively low in activity. Sample FLD23 has a large void at its center. In contrast, FLD21 has 
many large voids distributed throughout its cross-section. The bright regions in the BSE images of the void 
regions of FLD28 and FLD1 are due to charge build up during the SEM imaging. 
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Figure 2.17: Optical micrographs, backscatter electron micrographs, and false color autoradiographs of 
samples FLD2-FLD4. The BSE image contrast for the three FLD3 samples (FLD3.1, FLD3.2, and FLD3.3) 
are comparable because they are in a single holder. Similarly, the backscatter contrast for the four FLD4 
samples (FLD4.1, FLD4.2, FLD4.3, and FLD4.4) are comparable. Sample FLD3.2 contains a low to no 
activity region corresponding to a large, rocky area that is likely unmelted. 
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Figure 2.18: Optical micrographs, backscatter electron micrographs, and false color autoradiographs of sam¬ 
ples FLD5, FLD6, and FLD7. The BSE image contrast for the five FLD5 samples are comparable because 
they are in a single holder. Similarly, the BSE image contrast for the six FLD6 samples are compara¬ 
ble. The FLD5 samples are approximate spheres while the FLD6 samples, the smallest individual samples 
characterized in this study, are irregularly shaped, except for FLD6.1, the smallest sample characterized. 
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Figure 2.19: Optical micrographs, backscatter electron micrographs, and false color autoradiographs of 
samples U1A-U4. Traverses of SIMS analyses are visible as artifacts in the optical images. These samples 
were previously analyzed and are further described in Lewis et al. (2015). 
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images of samples highlight major element compositional variation. The brightness and con¬ 
trast of the BSE images have been independently adjusted to highlight these compositional 
variations, so absolute inter-sample comparison of BSE images is not meaningful, even for 
samples in the same image, such as FLD3.1-FLD3.3, FLD4.1-FLD4.4, FLD5.1-FLD5.5, and 
FLD6.1-FLD6.8 (Figs. 2.17 and 2.18). Black, round features within samples are vesicles or 
voids, while dark grey, regularly-shaped regions are generally unmelted or partially-melted 
quartz grains, as evidenced by these regions incorporating little to no radioactivity, such as 
the dark polygonal region visible in the left region of the BSE image of sample AG.D and 
near the bottom of the BSE image of sample FLD7 (Figs. 2.12 and 2.18). 

Comparison of the sample autoradiographs with their optical and backscattered electron 
micrographs show that some samples have active regions that are glassy and exhibit advective 
mixing patterns such as flow-banding, whereas the inactive regions are frequently rocky 
and/or vesicular. Two examples are samples FLD3.2 and FLD10 (Figs 2.17 and 2.13), 
which exhibit activity only in the glassy portion of their exposed cross section. To form such 
textures, active parcels of melt may have agglomerated onto the unmelted carrier materials. 
In these two samples, the glassy regions occur primarily at the periphery, so alternatively it 
is possible that heating from the fireball was sufficient to only partially melt the rock, and 
that only melted regions incorporated significant bomb vapor (Fig. 2.20). Autoradiography 
alone cannot distinguish between these two hypotheses. 

At the smaller size scale (~100 /un), samples AA.B and AE.C have agglomerates at¬ 
tached to their exterior that exhibit differing activities (both higher and lower with respect 
to their hosts; Fig. 2.12). Previous study of these samples did not include autoradiog¬ 
raphy and these new data suggest that the agglomerates and hosts incorporated different 
amounts of hssionogenic radionuclides from the vapor phase. These examples are visible in 
the autoradiograph because the agglomerates are attached to the exterior of samples and can 
be distinguished based on morphology alone. The spatial resolution of the autoradiograph 
(50 /irn/px) and the small physical size of many agglomerates prevent directly identifying 
smaller agglomerates with differing amounts of activity than the host sample. In Chapter 3, 
other methods including compositional X-ray mapping will be used to identify these smaller 
and/or interior agglomerates without knowing their activity relative to the host. 

Homogeneous samples (e.g., FLD13, FLD15, FLD20, and FLD4.1) tend to have few voids 
in their exposed cross section and appear compositionally quasi-uniform in their backscat¬ 
tered electron images (Figs. 2.14, 2.15, and 2.17). By comparing backscatter electron images 
to their autoradiographs, heterogeneous activity distributions generally correspond to large 
voids in exposed cross-sections (e.g., AH.E, FLD9, FLD11, FLD17, and FLD23; Figs. 2.12, 
2.13, 2.15, and 2.16) or large lower Z regions (later to confirmed to primarily be Si02 re¬ 
gions that were likely quartz grains that remained unmelted or were only partially melted). 
Examples include samples AG and FLD7 (Figs. 2.12 and 2.18). 

Generally, samples that are homogeneous in the autoradiograph are compositionally ho¬ 
mogeneous (see BSE images of samples FLD13, FLD14, and FLD15 in Figure 2.14). Hetero¬ 
geneous activity distributions primarily correspond with voids or unmelted/partially-melted 
mineral regions in samples (examples include samples AG.D and FLD17 in Figs. 2.12 and 
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Figure 2.20: Sample FLD10 before polishing. Note the dark green, glassy exterior and lighter-colored, rocky 
interior (denoted with the arrow). 


2.15, respectively). In some samples, activity distributions are co-located with composition- 
ally distinct regions, including samples U2 and U4, consistent with observations originally 
discussed in Lewis et al. (2015). In Lewis et al (2015), these activity distributions were cor¬ 
related with differing U content, which they concluded was due to the collision and accretion 
of melts of differing composition. While the radiography primarily records /3 emission, which 
serves as a qualitative proxy for the incorporation of bomb vapor, the relationship between 
the incorporation of anthropogenic U and chemical composition will be further investigated 
in Chapter 6. 

There are several samples whose heterogeneous activity distributions are correlated with 
chemical composition, based qualitatively on differences in apparent brightness in their 
backscatter electron images ( e.g ., FLD25, FLD4.2, FLD4.3, FLD4.4, U2, and U4; Figs. 
2.12, 2.16, 2.17, and 2.19), revealing that bomb vapor was heterogeneously incorporated 
within several samples. In samples U2 and U4, SIMS analyses revealed that these regions 
of different activity also contained different U isotope compositions, indicating some of the 
compositional heterogeneities correlated with activity distributions are likely due to agglom¬ 
eration of melts that interacted to different degrees with the bomb vapor prior to colliding 
in the fireball. 
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2.9 Sample down-select ion and further 
characterization 

The methods and analyses in this chapter provide information about the physical character¬ 
istics of these samples and the general characteristics about the sample population studied 
here. BSE images, in particular, highlight widespread occurrence of chemical heterogeneity. 
Further element-specific techniques are necessary to semi-quantitatively or quantitatively 
determine which elements responsible for these observed compositional variations. The BSE 
images also show that agglomerates attached to the exterior of samples preserve evidence of 
distinct compositional interfaces with the host objects. In order to confirm the composition 
of these interfaces and the relative and enrichment depletion of major elements at these 
interfaces, semi-quantitative X-ray mapping is used. X-ray mapping can also be used to 
locate and confirm the existence of other agglomerates within sample interiors that are not 
otherwise visible in BSE or optical images. 

The autoradiography results reveal that many samples contain heterogeneous activity 
distributions. However, this technique has limited spatial resolution (50 /jm/pixel) and 
is insufficient to characterize and compare activity-compositional relationships within the 
samples and with observed agglomeration textures. Mass spectrometry is therefore needed 
to measure the 235 U/ 238 U ratios within hosts and agglomerates. Here, U isotope data is used 
as a proxy to determine the differing degrees to which the hosts and agglomerates incorporate 
radionuclides such as U from the vapor phase. These data will elucidate formation processes 
and fireball histories of agglomerates relative to hosts. 

EDS and SIMS are time-intensive methods optimized for small scale analyses (~10s- 
100s of microns). Accordingly, following the initial characterization and screening of the 
entire sample set, samples were down-selected for additional analyses (compositional X-ray 
mapping, characterization of major element composition using EDS, characterization of U 
isotope ratios using SIMS; Chapters 3-5). Samples were down-selected to best represent the 
sizes and morphologies present in the initial population of 49 glassy fallout samples. Select 
host glasses with diameters ~0.1-1 mm were selected to allow comparison with much of 
the other data collected on fallout from this test (see Eppich et al. (2014) [57]). Similarly, 
samples with prior SIMS analyses were included to expand on previous characterizations 
presented in [60, 67, 68]. Table 2.1 denotes these samples; Figure 2.21 shows a histogram of 
their equivalent diameters plotted with the initial sample suite. 

Figures 2.21 and 2.22 show the histogram of equivalent diameters of all 49 glassy fallout 
samples overlaid with the sample populations downselected for EDS analyses and EDS and 
SIMS analyses, respectively. These figures serve to show that both downselected populations 
are representative of the distribution of dimensions of the initial population of 49 samples. 
Of samples down-selected for EDS analyses, samples were further down-selected to measure 
their U isotope ratio compositions using SIMS. Table 2.1 denotes these samples; Fig. 2.22 
shows a histogram of their equivalent diameters plotted with the initial sample suite. 
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Figure 2.21: Histogram of the equivalent diameters of the initial suite of 49 glassy fallout samples (from Fig. 
2.9) overlaid with samples downselected for further characterization by EDS (37 samples). Down-selected 
samples are approximately representative of the initial population of 49 samples. 
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Figure 2.22: Histogram of the equivalent diameters of the initial suite of 49 glassy fallout samples (from Fig. 
2.9) overlaid with samples downselected for further characterization by SIMS (18 samples). Downselected 
samples are approximately representative of the initial population of 49 samples. 

2.10 Chapter summary 

This chapter introduced the initial suite of 49 samples chosen for study (Table 2.1). While 
previous studies of fallout from this test have focused on millimeter-scale fallout, the samples 
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studied here were selected from a range of sizes, from approximately 250 /xm up to nearly 1 cm 
in dimension. This population also captured fallout morphologies beyond nearly-spherical or 
oblong-shaped glasses, including more irregularly-shaped samples. Optical images of unpol¬ 
ished samples frequently show agglomerates attached to the exteriors of samples, regardless of 
morphology. In cross-section, agglomerates adhered to the exterior of samples are frequently 
observed in optical and BSE images. 

Chemical heterogeneity is observed between samples, from relatively homogeneous to ex¬ 
tremely heterogeneous, as evidenced by their BSE images (Figs. 2.12-2.19). Many samples 
contain large unmelted and partially-melted regions (as in the case of samples FLD10 and 
FLD3.2; Figs. 2.13 and 2.17). Autoradiographs of the samples highlight radionuclide in¬ 
corporation from the bomb vapor and show a range in activity not only between samples, 
but within individual samples. In addition, agglomerates attached to their exterior of some 
samples contain different amounts of activity than the host samples they are attached to 
(e.g., samples AA.B and AE.C; Fig. 2.12). 

This chapter surveyed an initial suite of 49 samples using optical microscopy, electron 
microscopy, and autoradiography. Samples were then down-selected (Fig. 2.1) for additional 
characterization, ensuring the down-selected populations were representative of the initial 
sample suite by including samples covering the observed range of dimensions, chemical het¬ 
erogeneity, total activity, and distribution of activity. Samples analyzed previously in with 
SIMS (from Lewis et al. (2015) and Weisz (2016)) were included in the down-selection. 

While many agglomerates attached to the exterior of samples are readily identified by 
their morphology using BSE and optical imaging of polished sample cross-sections, agglom¬ 
erates may also be fully incorporated into some samples and therefore difficult to identify. 
To identify the preserved population of agglomerates associated with these samples, X-ray 
compositional maps are needed. It is expected that X-ray compositional maps of entire 
samples will reveal more agglomerates than can be identified with BSE images alone. It is 
suspected that these agglomerates will not only be attached at the exterior of samples, but 
fully incorporated into some samples. If so, this suggests the host and agglomerate collided 
while the host was relatively molten and provide insight into the time and temperature of 
agglomeration. 

Identifying agglomerates, counting their frequency, size, location of attachment (attached, 
surface, interior), and down-selected agglomerates for characterization by EDS and EDS and 
SIMS is discussed in the next chapter. In these down-selected samples, agglomerates will be 
identified and characterized and their major element and U isotope composition measured 
and compared to their hosts to better constrain the source and role of agglomerates in fallout 
formation. 
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Chapter 3 
Agglomerates 


3.1 Chapter overview 

Agglomerates are distinct parcels of melt that collided with the larger primary or “host” 
melt in the fireball prior to quenching. They are commonly observed adhered to the exte¬ 
riors of intact fallout glasses. In initial studies, agglomerates have been shown to preserve 
a compositional interface between themselves and the host, suggesting no mass transfer be¬ 
tween the objects occurred [67, 68, 84], Therefore, at least some agglomerates preserve their 
compositions, activity, and mixing patterns relative to the host. These objects are frequently 
much smaller than their host glasses (~10-100s of /irn), providing access to size fractions in 
historic fallout previously associated with larger fallout glass populations. 

Due to their morphology, agglomerates attached to the exterior of samples are readily 
identified in BSE and optical images of fallout glasses in cross-section (Chapter 2). How¬ 
ever, agglomeration during fallout formation is likely a continuous process, so long as the 
hosts remain molten. Accordingly, agglomerate textures may also be observed within hosts, 
representing earlier agglomeration events relative to exterior agglomerates. 

In this chapter, compositional X-ray maps are used to definitively identify agglomerates 
preserved within host glasses. These X-ray maps reveal that, in addition to being adhered 
to the exterior of host objects (“exterior agglomerates”), agglomerates are also frequently 
preserved within samples. Agglomerates within samples are either bounded by a composi¬ 
tional interface and the sample surface (a “surface agglomerate”), or fully incorporated into 
the host and being fully bounded by a compositional interface (an “interior agglomerate”) 
(Figure 3.1). BSE images were used to identify compositional interfaces between external 
agglomerates and hosts in Weisz et al. (2017). The broader study presented here finds that 
compositional interfaces of these objects are not always enriched high Z elements such as 
Ca, Mg, and Fe. Instead, surface and interior agglomerates more frequently exhibit a com¬ 
positional interface only enriched in Si, which are difficult to definitively identify using BSE 
images alone because the average enrichment of Si interfaces relative to the host composition 
is only ~10%, a relatively small change in composition relative to surrounding glassy regions 
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of the host or agglomerate. 

Counting the size and frequency of these agglomerates in several samples shows that 
surface agglomerates occur most frequently in the population of exterior, surface, and interior 
agglomerates. Furthermore, agglomerates are observed to comprise up to ~20% of the total 
exposed cross-sectional area of sample, with individual samples preserving between 0 and 58 
identified agglomerates. In subsequent chapters, agglomerates are down-selected for further 
characterization with EDS and/or SIMS, with a subset chosen to span the range of observed 
sizes, attachment locations, and different observed compositional interfaces. 


3.2 Defining and identifying agglomerates 

Agglomerates are defined in this dissertation as smaller melts (“the agglomerate”) that col¬ 
lided with a larger melt (“the host”). The combined melt then quickly quenches, preventing 
the two melts from mixing and the homogenizing. Exterior agglomerates are easily identified 
by their spherical or highly symmetric morphology when adhered to the exterior of fallout 
glasses and were first noted in historic studies of glassy fallout (Figure 2.7) [13]. These 
objects have also been observed and studied to some degree in tektites, where they are com¬ 
monly referred to as collision or accretion features [76, 89-91]. However, agglomerates in the 
fallout studied in this dissertation not only appear attached to the exterior of samples, but 
also incorporated into their hosts, where they may be bound by the sample surface and a 
compositional interface separating them from the host. They also may occur fully subsumed 
into hosts and remain identifiable due to the preservation of compositional interface between 
themselves and the host. 

In cross-section, preserved agglomerates retain a distinct compositional interface separat¬ 
ing them from the host, which indicates that there has likely been little to no mass transfer 
between the two objects [68]. These compositional interfaces enable unambiguous identifica¬ 
tion of agglomerates, and are used as the criterion for identifying preserved agglomerates in 
this study. Interface-based identification of agglomerates is often supported by near-circular 
or semi-circular morphologies of the agglomerate as well as distinct compositions and/or 
mixing patterns within the agglomerate. Note, however, this approach to identifying ag¬ 
glomerates cannot identify agglomerates lacking compositional interfaces. One exception are 
some of the agglomerates counted in U4 (U4.1 and U4.3), which exhibit no measurable com¬ 
positional change at the interface between themselves and the host. Instead, they exhibit 
circular and semi-circular shapes, distinct major element composition, and, as measured by 
SIMS and reported in Lewis et. al (2015), distinct enrichments in 235 U [60]. This implies 
these melts were distinct and separate in the fireball, each incorporating different amounts 
of U from the ambient environment, but agglomerated with the molten host while compara¬ 
tively cool (preserving the circular shapes of the agglomerates) and quickly quenched. This 
prevented significant mass transfer between the two melts, either through diffusion or bulk 
mixing. Sample U2 also exhibits an approximately bimodal composition with a bimodal 235 U 
enrichment and no compositional interface between the two regions (Figure 1.11). When the 
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melts collided they must have been relatively molten, allowing partial mixing. As neither 
melt is much greater in area than the other, one cannot be definitively identified as the 
“host” and the other the “agglomerate”, though agglomeration clearly occurred. One of 
these melts contains greater a/(3~ radioactivity and enrichment in 235 U relative to the other, 
preserving their distinctive radionuclide compositions they acquired from the bomb vapor 
prior to agglomeration. 

Weisz (2016) first noted the preservation of a compositional interface at agglomerate- 
host boundaries [67]. In Weisz (2016), most of the studied compositional interfaces were of 
agglomerates adhered to the exteriors of samples. These interfaces tend to be chemically 
enriched in Ca, Fe, and Mg, and isotopically enriched in 235 U, and chemically depleted 
in A1 and Ti (Figure 1.9, Table 3.1). The compositional interface completely separating 
the agglomerate from the host implies that mass transfer between the two objects did not 
occur. In the limited sample set of Weisz (2016), the agglomerates also exhibited distinct 
compositions and mixing patterns from the host object. These results suggest agglomerates 
may also preserve a distinct radionuclide content from the host, providing a way to distinguish 
and constrain how different their formation processes may be from the host. 

For the purpose of identifying agglomerates in this dissertation, objects were counted as 
agglomerates if and only if they were fully-enclosed by a well-defined compositional interface 
and exhibited a rounded shape. Figure 3.1 illustrates the nomenclature used in this disser¬ 
tation and Figures 3.2-3.5 show examples of agglomerates in samples identified using the 
above criteria. 


3.3 Attachment locations 

Agglomerates are observed attached to the exterior of samples, residing at the surface of 
a sample (where they are bound by a compositional interface and the sample surface), or 
completely incorporated into a sample where they are completely bound by a compositional 
interface (exterior, surface, and interior agglomerates, respectively; Figure 3.1). 

The transition from an “exterior” agglomerate to a “surface” agglomerate is continuous, 
as agglomerates vary from completely attached at the exterior (as those appearing in Fig¬ 
ure 2.7), maintaining their spherical shapes, to slightly deforming the surface of the host 
melt upon impact, to greatly deforming the molten surface of the host melt. To distin¬ 
guish between these objects, in this dissertation, an “exterior” agglomerate is defined as an 
agglomerate with 50% of its cross-sectional area above the boundary of the surface of the 
host if it were extrapolated over where the agglomerate is attached. A surface agglomerate 
is defined as one with less than 50% of its cross-sectional area above the boundary of the 
surface of host, but still bounded by the sample surface and its compositional interface with 
the host. Finally, an interior agglomerate is defined as an agglomerate completely encircled 
by a compositional interface (a schematic of these different agglomerate definitions is shown 
in Figure 3.1). 
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Exterior 

agglomerates Surface 



agglomerate 


Figure 3.1: The assigned agglomerate nomenclature are defined in this dissertation, based on agglomeration 
attachment location. The horizontal line denotes 50% of the agglomerate’s cross-sectional area, which is 
used to distinguish between “exterior” and “surface” agglomerates. Agglomerates with greater than 50% of 
their cross-sectional area outside the host are classified as exterior agglomerates. 


3.4 The source of compositional interfaces enriched in 
Ca, Mg, Fe, and 235 U 

Weisz studied compositional interfaces of exterior agglomerates enriched in Fe, Ca, Mg, 
and 235 U (called “CaMgFe interfaces” herein). These interfaces are likely not the primary 
source of uranium enrichment observed in all U isotopic measurements of these glassy fallout 
samples, because these agglomerates fuse to the host when both melts are highly viscous, 
so anthropogenic U has little time to be incorporated volumetrically [57, 60, 67]. Table 3.1 
shows how frequently each species was enriched and depleted at the interfaces they studied 
[68]. The enrichment of these species was interpreted by Weisz as a vapor deposition layer 
that coated the agglomerates and was preserved as the agglomerates fused to the samples 
near the quenching temperature [67]. Most agglomerates fused to the exterior of samples 
and several agglomerates that reside at the surface of samples show this type of CaMgFe 
enrichment and A1 depletion behavior (Figure 3.6 shows an example of the enrichment of 
Ca and Fe and depletion of A1 across the interface of an exterior agglomerate studied in this 
dissertation). 
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Figure 3.2: X-ray compositional maps of sample U3 for all elements showing surface agglomerates and 
interior agglomerates. The Si enrichment and A1 depletion features are preserved at the compositional 
interface between agglomerates and hosts. The frequency of agglomerated objects is illustrated not just in 
the inset region, but generally surrounding sample U3. Arrows in the magnified A1 map (top right panel) 
mark these agglomerates. U3.1, a surface agglomerate characterized using both EDS and SIMS, is marked 
in the magnified A1 map in the top right panel. Maps have been independently adjusted in contrast and 
brightness to bring out relative compositional variation. 
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Figure 3.3: X-ray compositional map of sample FLD17 for all elements in an area preserving both surface ag¬ 
glomerates and interior agglomerates. The A1 depletion at the compositional interface between agglomerates 
and hosts is a consistent feature. Arrows in the magnified A1 map (top right panel) mark these agglomerates. 
FLD17.int.2, an interior agglomerate characterized using both EDS and SIMS, is marked in the magnified 
A1 map in the top right panel.Maps have been independently adjusted in contrast and brightness to bring 
out relative compositional variation. 


3.5 A new type of compositional interface 

CaMgFe interfaces appear to almost always be depleted in A1 (Table 3.1). As a result, A1 
compositional maps are used in this dissertation to identify compositional interfaces, and 
therefore, agglomerates partially or fully incorporated into samples. The operating condi¬ 
tions used to collect X-ray compositional maps of whole samples are described in Chapter 
4. A1 compositional maps of entire samples revealed more objects exhibiting interfaces with 
these relative enrichments and depletions are visible within host glasses, not just with ag¬ 
glomerates adhered to the exterior or residing at the surface (examples of interior compared 
to surface agglomerates are shown in Figure 3.7). The difference here, perhaps, is that the 
host glass was simply more molten, deforming upon impact with the agglomerate, which 
still retained its circular morphology. In addition, while the interfaces studied by Weisz were 
readily identified using backscatter electron images (due to the enrichment in Fe and Ca 
relative to the surrounding glass they appear brighter in BSE images), many of the agglom- 
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Figure 3.4: Compositional map of sample FLD18 for all elements showing an interior agglomerate (FLD18.2). 
An Si enrichment and A1 depletion is preserved at the compositional interface between agglomerate and 
host. Maps have been independently adjusted in contrast and brightness to bring out relative compositional 
variation. 

erates observed in A1 compositional maps were not clearly visible in BSE images, implying 
they do not exhibit the same enrichments in minor elements. 

After compositional interfaces were identified with A1 compositional maps, their enrich¬ 
ment was confirmed using compositional X-ray maps of other major elements. These compo¬ 
sitional X-ray maps reveal that compositional interfaces do not always exhibit enrichments 
in Fe, Ca, Mg, and 235 U, but are still depleted in Al. When enrichments in these species are 
absent, the Al depletion is typically accompanied by a Si enrichment (herein referred to as 
an “Si” interface). Examples of agglomerates exhibiting these interfaces are shown in Figs. 
3.2, 3.3, 3.4, 3.5, and 3.7. The relative frequency of Si and CaMgFe interfaces and where 
they are found (bounding exterior, surface, or interior agglomerates) is discussed in the next 
section. 


3.6 The frequency of agglomerates 

Compositional X-ray maps were used to identify agglomerates (n = 233) in 18 samples 
to determine their frequency, size, and attachment location. The agglomerates occupy a 
minimum of 0% of the exposed cross-sectional area (U2 had no identified agglomerates) to 
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Figure 3.5: A1 composition map of sample FLD23 showing surface agglomerates, some of which are shown 
in the insets. FLD23 also includes an agglomerate attached at the exterior (FLD23.L), visible on the left 
hand side of the A1 map. The black region in the center of the A1 map of FLD23 is a void and the black 
regions throughout the sample are likely partially-melted quartz grains. A1 maps have been independently 
adjusted to highlight compositional variation. 

20.5% of the exposed cross-sectional area in the sample (sample U4). No correlation with 
sample size is observed, suggesting that larger samples are not necessarily comprised of more 
agglomerates (Figure 3.8). 

More preserved agglomerates in a sample does not necessarily imply a greater contribution 
of the agglomerates to the total exposed cross-section (Figure 3.9). Figure 3.9 shows the 
total sum of agglomerate area as a function of the number of identified agglomerates suggests 
two trends. Some samples preserve many small agglomerates whose cumulative area sums 
to a large fraction of the total sample area (the trend with samples CD, FLD18, FLD23, 
CC, and U3). Other samples retain few, but comparatively large agglomerates (relative to 
the total sample size), such as FLD14, FLD5.4, and U4. For example, in one sample U3, 
56 agglomerates occupy only 14.5% of the total area (examples of agglomerates in U3 are 
shown in Figure 3.2), while in sample FLD14, four agglomerates occupy 10.9% of the total 
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Table 3.1: Observed enrichment and depletion of major elements, the 235 U/ 30 Si ratio and 235 U/ 238 U ratio at 
9 interfaces (11 total interface scans: two scans were conducted across agglomerate Cl and C3) in 5 samples 
from Weisz [68]. This table summarizes Table 4.1 and Figures 4.17-4.26 from [68]. Interface compositions 
are considered enriched if a point within 1 /jm of the interface peak identified by Weisz (2016) is greater 
than the mean of concentrations or ratios between 1 and 3 /zm on both sides of that interface. 


Element 

Interface behavior 

Si 

Enriched in 5 of 11 interface scans 

A1 

Depleted in 10 of 11 interface scans 

Na 

Enriched in 3 of 11 interface scans 

K 

Depleted in 7 of 11 interface scans 

Ca 

Enriched in 11 of 11 interface scans 

Fe 

Enriched in 11 of 11 interface scans 

Ti 

Depleted in 6 of 11 interface scans 

Mg 

Enriched in 9 of 11 interface scans 

235u/3°Si 

Enriched in 5 of 9 interface scans 

235-y/238y 

Enriched in 6 of 9 interface scans 



Figure 3.6: BSE image of agglomerate FLD18.1 (left) and X-ray compositional maps showing no relative 
change in Si across the interface, a depletion of A1 across the interface, and characteristic enrichments of Ca 
and Fe across the interface. (The map for Mg is not shown, but it is also enriched at this interface.) 


exposed area. These observations suggest that agglomerates themselves vary widely in size 
and contribute highly variable amounts to the overall sample. Nevertheless, in all cases, 
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Figure 3.7: A1 and Si X-ray compositional map of sample FLD4.3 showing interior agglomerates, magnified 
shown in the insets. In the top of the inset, an agglomerate residing at the surface is also visible (FLD4.3.UA). 
SIMS analytical regions are visible in the insets as square features in the agglomerates and overlapping 
compositional interfaces. Agglomerates are labeled in the Si inset. 


the area occupied by the host is much greater than the total sum area occupied by the 
agglomerates. The median total area occupied by agglomerates in these 18 samples is 5.7%, 
revealing that in all samples the host is volumetrically dominant, likely a general trend in 
fallout glasses. 

Figure 3.10 shows a histogram of the equivalent diameter of agglomerates, colored by their 
location of attachment. Plotting the sizes of all the identified agglomerates and their location 
of attachment shows that by far, surface agglomerates occur most frequently, with 85% 
of identified agglomerates being surface agglomerates (199 of 233 identified agglomerates). 
Interior agglomerates are the next most abundant, accounting for 11% of the identified 
agglomerates (26 of the 233 identified agglomerates). Finally, while most easily identified and 
first noted in the literature, exterior agglomerates account for the least frequently occurring 
fraction of identified agglomerates in the 18 samples with 7 exterior agglomerates (5% of the 
population). 

Note that sampling and sample preparation bias may explain in part the low number of 
identified exterior agglomerates. First, the counted samples are largely spheroidal in shape, 
while Eppich et al. (2014) noted an increased frequency of exterior agglomerates in oblong, 
elongated-shaped fallout glasses. Furthermore, characterized samples were mounted and 
polished to expose their cross-section, which exposes a large interior area of the fallout glass 
at the expense of the fallout sample’s surface area. A more exhaustive study would count 
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Figure 3.8: The cumulative sum of agglomerate cross-sectional areas (as a percent of the total sample area) 
as a function of the equivalent diameter of a sample (including both the host and agglomerates). There 
is a general lack of a correlation, demonstrating that larger samples are not necessarily comprised of more 
agglomerates. Data are tabulated in Appendix A.l. 


exterior agglomerates prior to mounting and polishing these samples to their mid-plane. 

The range in size of identified agglomerates in these 18 samples spans three orders-of- 
magnitude, from a surface agglomerate 5 /tm in diameter in sample FLD18 to an exterior 
agglomerate in FLD14 with a diameter of 860 /tm. 1 Agglomerates of order 10 /irn in diameter 
were easily resolvable using these approaches, but these counts are likely biased towards sizes 
larger than 5-10 /tm, as the ability to distinguish smaller agglomerates is limited by the 
resolution of the compositional map. Collectively, the distribution of agglomerate diameters 
appears quasi-log-normal, having a mean of 92 ± 108 /irn (the median diameter is 48 /irn). 
The large standard deviation is due to the large range in diameters of identified agglomerates, 
which also makes it difficult to statistically compare the relative sizes of surface, interior, 
and exterior agglomerates. 

Exterior agglomerate diameters range from 60 /rm to 855 /irn, while interior and surface 
agglomerates range from 20 /m i to 335 /irn and 5 /irn to 553 /irn, respectively. The identified 
exterior agglomerates generally have larger diameters relative to surface and interior agglom¬ 
erates. Because the location of attachment is dependent on the viscosity of the host melt, 
and therefore the temperature of the host melt (as well as the impact velocity) and time 
after detonation, it is possible that surface and interior agglomerates tend to be smaller in 

1 This only includes agglomerates identified using the X-ray maps. The range of agglomerates downse- 
lected for further characterization spans a different range of equivalent diameters, spanning from 17 /an in 
sample FLD4.3 to 1,089 /tm in sample FLD10. 
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Figure 3.9: The cumulative sum of agglomerate cross-sectional areas (as a percent of the total sample area) as 
a function of the number of identified agglomerates in 18 samples. Two general trends are present: samples 
that have many agglomerates that cumulatively sum to account for a large percentage of the sample’s exposed 
cross-sectional area ( e.g ., samples FLD18, FLD23, CC, and U3), and samples that have few, relatively large 
agglomerates accounting for a large proportion of the total exposed cross-sectional area (e.g., samples FLD14, 
FLD5.4, and U4). The median total area occupied agglomerates in a sample is 5.7% and the median number 
of agglomerates identified in a sample is 8.5. Data are tabulated in Appendix A.l. 


diameter because at earlier times and/or hotter temperatures, the surface tension of a melt 
is lower, allowing them to break apart into smaller melts more easily. If so, breakup may 
play a key role in the formation of smaller parcels of melt prior to ultimately agglomerating 
with and incorporating into host melts. 

The frequency of Si and CaMgFe interfaces 

Si interfaces are more abundant than CaMgFe interfaces. Of the 233 counted agglomerates in 
18 samples, 199 were bound by Si interfaces («85.4%), 9 were bound by CaMgFe interfaces 
(~3.9%), and the remaining 25 interfaces were of indeterminate enrichment. This observation 
indicates that the process leading to the formation of Si interfaces may occur more frequently 
than the process leading to the formation of CaMgFe interfaces (discussed further in Chapter 
8). Furthermore, Si interfaces are observed at all attachment locations: exterior, surface, and 
interior, while CaMgFe interfaces are only observed for exterior and surface agglomerates. 
This observation is consistent with with the proposal by Weisz (2016) that the CaMgFe 
interface is the result of a late-stage deposition from the vapor term in the fireball as exterior 
and surface agglomerates arrived later in time than interior agglomerates [68]. Of the 225 
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Figure 3.10: Histogram of agglomerate equivalent diameters in 18 samples, colored by their location of 
attachment (n = 233; number of bins = 20). The median agglomerate diameter is ~48 pm. Data are 
tabulated in Appendix A.l. 


counted interior and surface agglomerates, 197 are bounded by Si interfaces («87.5%), 6 are 
bounded by CaMgFe interfaces (~2.7%), and the enrichment at the remaining 22 surface and 
interior interfaces were indeterminate, of the seven counted exterior agglomerates in the 18 
samples, three exhibited CaMgFe interfaces, two exhibited Si interfaces, and the enrichment 
of the remaining two interfaces were indeterminate. 


3.7 Down-selecting agglomerates 

Once identified using compositional X-ray maps, agglomerates were down-selected, capturing 
the range of observed agglomerate features, including diameters, attachment locations, and 
types of compositional interfaces. Figures 3.11 and 3.12 show histograms of the sizes of 
down-selected agglomerates and their locations of attachment. This subset was additionally 
characterized by EDS and EDS and SIMS, respectively (Chapters 4 and 5), see Table 3.2. 

To address if the major element composition or U isotope composition of small agglomer¬ 
ates is different than their hosts or larger agglomerates, the first down-selection criteria was 
agglomerate dimension. The equivalent diameter of agglomerates down-selected for study 
in this dissertation range from ~15 pm to 1 mm. Twenty of the 58 agglomerates (35%) 
characterized by EDS (Chapter 4) and 18 of the 37 agglomerates characterized with SIMS 
(49%; Chapter 5) are less than 100 pm in diameter. 

Next, because attachment location implies agglomerates collided with the host at dif- 
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ferent times and temperatures, agglomerates were down-selected to establish relationships 
in populations of exterior, surface, and interior agglomerates. To determine if the location 
of attachment for agglomerates is correlated with differences in formation processes or in 
the incorporation of anthropogenic U from the vapor phase, agglomerates attached to the 
exterior of fallout samples represent 17 of the 58 («29%) of the agglomerates characterized 
with EDS (9 of the 37, or 24% of the agglomerates characterized with SIMS). Agglomerates 
residing at the surface of the host glass represent 30 of the 58 (fa52%) of the agglomerates 
characterized with EDS and 20 of the 37 (54%) of the agglomerates characterized by SIMS. 
Finally, interior agglomerates represent 11 of the 58 (wl9%) of the agglomerates character¬ 
ized with EDS and 9 of the 37 agglomerates (24%) of the agglomerates characterized with 
SIMS. 

The compositional interface of an agglomerate is related to the vapor phase the agglomer¬ 
ate and host prior to agglomeration [68]. Studying agglomerates with different compositional 
interfaces provides evidence of how these different ambient environments affect the forma¬ 
tion, volatilization, or incorporation of radionuclides into different agglomerates. Of the 58 
total agglomerates downselected for further characterization with EDS, 37 exhibit Si compo¬ 
sitional interfaces and 16 exhibit CaMgFe interfaces (5 interfaces had indeterminate enrich¬ 
ments) . Of the 40 surface and interior agglomerates downselected for further characterization 
with EDS whose enrichments could be measured, 35 exhibited Si interfaces (87.5%) and the 
remaining 5 exhibited CaMgFe interfaces (12.5%). 2 In contrast, exterior agglomerates are 
predominantly bounded by CaMgFe interfaces. Of the 13 exterior agglomerates downselected 
for further characterization with EDS whose enrichments could be measured, 11 exhibited 
CaMgFe interfaces («84.5%) and 2 exhibited Si interfaces («15.5%). 3 Furthermore, in the 
11 additional samples that had agglomerates downselected for further characterization, not 
including the 4 already studied by Weisz (2016), four samples preserved agglomerates with 
CaMgFe interfaces (FLD10, FLD14, FLD18, and U1B.2). However, as will be further ex¬ 
plored in Chapter 8 and 9, Si interfaces may also appear adjacent to CaMgFe interfaces 
and appear more diffuse than CaMgFe interfaces in these instances, indicating an earlier 
formation time and two that distinct processes lead to the formation of Si and CaMgFe 
interfaces. 

Once agglomerates were down-selected, they were characterized with EDS raster analyses 
to measure their chemical compositions, SIMS in the agglomerate and over their interface to 
characterize their U isotope composition and the behavior of 235 U at the interface (Chapter 
9), and their interfaces characterized with high magnification, quantitative compositional X- 
ray mapping with EDS to determine the enrichment and depletion of major elements across 
the interfaces (Chapter 4). 


2 A total of 43 surface and interior agglomerates were downselected for further characterization using 
EDS. However, two of the compositional interfaces of those agglomerates had indeterminate enrichments. 

3 A total of 15 exterior agglomerates were downselected for for further characterization using EDS. How¬ 
ever, two of the compositional interfaces of those agglomerates had indeterminate enrichments. 
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Figure 3.11: Histogram showing the size distribution of agglomerates down-selected for further characteri¬ 
zation by EDS (n=53 in 15 samples; histogram has 20 bins). Note the log x-axis. Colors denote the location 
of the agglomerate as defined in the text and depicted in Figure 3.1. 


Table 3.2: Table of agglomerates analyzed by EDS, sorted by sample. Also noted are the agglomerate 
attachment locations, their compositional interface type (as described in the text), and whether they were 
also analyzed by SIMS to measure their U isotopic composition ( 235 U/ 238 U ratio). 


Sample 


Diameter 

Agglomerates (equiv., pm) Location 


AA.B 

AE.C 

AG. D 

AH. E 

FLD10 

FLD14 

FLD17 


B1 

B2 

B3 

Cl 

C2 

C3 

C4 

D1 

D2 

El 

E2 

FLD10.L 

FLD14.1 

FLD14.L 

FLD17.1 

FLD17.2 


FLD17.int.l 


FLD17.int.2 


FLD18 


FLD17.tail 

FLD18.1 

FLD18.2 

FLD18.3 

FLD18.4 


384 Exterior 
70 Surface 
590 Exterior 

200 Exterior 
207 Exterior 
106 Exterior 
264 Exterior 

201 Exterior 
283 Exterior 
178 Exterior 
341 Exterior 

1089 Exterior 
157 Surface 
856 Exterior 
209 Exterior 
355 Surface 
111 Interior 
62 Interior 
143 Exterior 
60 Exterior 
124 Interior 
166 Interior 
336 Surface 


Characterized 

Interface Type by SIMS 

CaMgFe X 

CaMgFe X 

CaMgFe 

CaMgFe X 

CaMgFe X 

CaMgFe 

CaMgFe 

CaMgFe 

CaMgFe X 

CaMgFe X 

CaMgFe 

CaMgFe X 

Si X 

CaMgFe X 

Si 

Si 

Si 

Si X 

Indeterminate 
CaMgFe X 

Si X 

Si 

CaMgFe 
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FLD21 

FLD21.1 

401 

Surface 

Si 



FLD21.L 

206 

Exterior 

Indeterminate 


FLD23 

FLD23.1.1 

46 

Surface 

Si 

X 


FLD23.1.2 

47 

Surface 

Si 

X 


FLD23.1.3 

47 

Surface 

Si 

X 


FLD23.2.1 

21 

Surface 

Si 

X 


FLD23.2.2 

31 

Surface 

Si 

X 


FLD23.3.1 

40 

Surface 

Si 

X 


FLD23.3.2 

17 

Surface 

Si 

X 


FLD23.4.1 

42 

Surface 

Si 

X 


FLD23.4.2 

43 

Surface 

Si 

X 


FLD23.5.1 

60 

Surface 

Si 

X 


FLD23.L 

498 

Exterior 

Si 

X 

FLD4.3 

FLD4.3.1 

39 

Interior 

Si 

X 


FLD4.3.2 

41 

Interior 

Si 

X 


FLD4.3.3 

53 

Interior 

Si 

X 


FLD4.3.4 

70 

Surface 

Si 



FLD4.3.5 

41 

Interior 

Si 

X 


FLD4.3.UA 

46 

Surface 

Si 


FLD4.4 

FLD4.4.1 

244 

Surface 

Si 



FLD4.4.2 

163 

Surface 

Si 


U1B 

U1B.2 

84 

Surface 

CaMgFe 

X 


U1B.L 

195 

Interior 

Si 

X 

U3 

U3.1 

134 

Surface 

Si 

X 


U3.2 

191 

Surface 

Si 

X 


U3.3 

262 

Surface 

Si 

X 


U3.4 

125 

Surface 

Si 

X 


U3.5 

146 

Surface 

Si 

X 

U4 

U4.1 

553 

Surface 

Indeterminate 

X 


U4.2 

335 

Interior 

Si 

X 


U4.3 

465 

Surface 

Indeterminate 

X 


U4.4 

178 

Surface 

Si 



U4.5 

171 

Surface 

Si 



U4.6 

154 

Surface 

Si 



U4.7 

247 

Surface 

Indeterminate 







Exterior: 9 
Surface: 20 
Interior: 9 




Exterior: 17 

CaMgFe: 16 

CaMgFe: 11 




Surface: 30 

Si: 37 

Si: 25 

Total 

58 


Interior: 11 

Indeterminate: 

5 Indeterminate: 2 


3.8 Conclusion 

This chapter discusses how agglomerates are identified, where they are located in samples, 
their frequency, and the compositional interface. The chapter also explains the criteria 
used for down-selection and the rationale for down-selecting agglomerates to ensure smaller 
agglomerates, agglomerates at different locations, and agglomerates with different composi¬ 
tional interfaces were represented in the sample subset subsequently characterized with EDS 
and with both EDS and SIMS. 

The next chapter details the use of EDS to generate X-ray compositional maps of entire 
samples, measure the major element composition of the host and agglomerates using individ¬ 
ual raster analyses, and generate high resolution X-ray compositional maps of compositional 
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Figure 3.12: Histogram showing the size distribution of agglomerates down-selected for further characteriza¬ 
tion by SIMS (n=37 in 13 samples; histogram has 20 bins). Note the log x-axis. Colors denote the location 
of the agglomerate (Figure 3.1). The axes are the same as in Figure 3.11 to allow for comparison between 
the two plots. 


interfaces. 
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Chapter 4 

Major Element Compositions of 
Fallout 

4.1 Chapter overview 

This chapter describes how energy-dispersive X-ray spectroscopy (EDS) is used to charac¬ 
terize fallout populations of host objects, agglomerates, and unmelted soil. In this study, 
three types of EDS data are collected: (1) Rastered EDS analyses (ftTO-15 /jm in diameter) 
to characterize the major element composition of hosts and agglomerates, (2) qualitative 
EDS compositional X-ray maps to identify agglomerates, and (3) quantified EDS composi¬ 
tional X-ray maps taken at high magnification to characterize the major element behavior 
at compositional interfaces. 

This chapter primarily discusses the results the EDS raster analyses, which are used to 
quantitatively measure the major element composition across a population of host objects 
and agglomerates using series of ~10-15 /rm diameter rasters. The major element compo¬ 
sitions of host objects and agglomerates obtained from these analyses are compared to one 
another to illustrate the compositional similarity between the two populations. This com¬ 
parison reveals that agglomerate compositions are a subset of host populations, indicating 
agglomerates and hosts are derived from the same carrier material. These two populations 
are then compared to EDS raster analyses of unmelted soil collected near ground zero, the 
precursor carrier material for forming glassy fallout. These data sets are used to show that 
with respect to major element composition, both host objects and agglomerates are consis¬ 
tent with being a mixture of minerals present in the soil. Finally, the compositions of host 
objects and agglomerates measured with EDS rasters are used to explore whether host ob¬ 
jects and agglomerates experienced measurable loss of volatile alkali oxides as a function of 
their diameter, as would be expected when externally-heating a melt to high temperatures. 
(Smaller melts are expected lose relatively more of their alkali oxides due to their increased 
surface area/volume ratio.) 

Qualitative compositional X-ray maps are used to characterize and describe composi- 
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tional relationships and textures in host objects and agglomerates. 1 These maps reveal that 
agglomerates tend to be more thoroughly mixed and glassy, containing fewer unmelted min¬ 
erals than host objects. These maps also reveal that outlying compositions are not always 
unmelted mineral phases, but in two samples, U2 and FLD25, appear to have been fully 
melted. Autoradiographs of these samples also reveal that these outlying compositions in¬ 
corporated relatively little activity compared to the rest of the sample. Compositional X-ray 
maps of a region in sample FLD10 are also used to discuss the fallout formation implications 
of a region in sample FLD10 that exhibits a continuous transition from unmelted rock near 
its center to a partially-melted region to a glassy region and its periphery, indicating external 
heating formed this sample of glassy fallout. 


4.2 Variables and datasets used in this chapter 

The major element composition data on host objects consists of approximately 3,500 EDS 
raster measurements taken in grid patterns across 37 of the 49 host objects. In the glassy 
fallout population studied here, there are eight elements measurable by EDS with reasonable 
uncertainties (<15% 1RSD): Si, Al, Na, K, Ca, Fe, Ti, and Mg. This study reports these 
measured elements as oxide weight percentages, assuming the elements are present as Si0 2 , 
A1 2 0 3 , Na 2 0, K 2 0, CaO, Fe() T , Ti0 2 , and MgO, respectively. 2 

In measurements of host objects, these oxides are usually present at the following con¬ 
centrations: 

• >50 wt.% Si0 2 (observed range spans from 57 to 103 wt.%) 

• >10 wt.% A1 2 0 3 (observed range spans from 0 to 24 wt.%) 

• >1 wt.% and <10 wt.%: Na 2 0, K 2 0, CaO, and FeO (observed ranges span from 0 to 
8, 10, 10, and 16 wt.%, respectively) 

• <1 wt.%: Ti0 2 and MgO (observed ranges span from 0 to 6 and 7 wt.%, respectively) 

Due to chemical heterogeneity, however, there is considerable variance about these values, 
particularly when analyzing minerals that may have remained unmelted or regions in fallout 
that were partially, but incompletely melted. 

1 While the method of X-ray compositional mapping is discussed in this chapter, qualitative X-ray com¬ 
positional maps are primarily shown and discussed in Chapter 3 to identify and count agglomerates and 
quantitative X-ray maps are shown and discussed in Chapters 8 and 9 to characterize the composition at 
interfaces. 

2 This analysis assumes all Fe is present as FeO, hence the T subscript in FeO T standing for “total.” The 
actual Fe oxidation state was not independently determined (see [69] for discussion). 
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4.3 Energy-dispersive X-ray spectroscopy 

EDS is a technique used to qualitatively or quantitatively determine the chemical compo¬ 
sition of a sample. EDS relies on detecting X-rays produced between the primary electron 
beam and electrons in the sample. Two types of X-rays are produced through these in¬ 
teractions: continuum X-rays and characteristic X-rays. Continuum X-rays are primarily 
responsible for the background in X-ray energy spectra, and characteristic X-rays are the 
signals that can be processed to determine the sample’s composition. 

Continuum X-rays 

Continuum X-rays are created from the continuous deceleration and scattering primary elec¬ 
trons experience as they travel through the sample. Each scattering event produces an X-ray 
with energy A E = hv , where h is Planck’s constant and v is the frequency of the resulting 
X-ray. Because the primary electrons can lose any amount of energy up to their incoming 
kinetic energy in a scattering event, this creates a continuum of X-rays from low energy up 
to the energy of the primary beam. Most energy losses are small, producing a large back¬ 
ground of X-rays with low energy. Continuum radiation constitutes the background in an 
EDS spectrum and must be fit and subtracted. 

Characteristic X-rays 

Characteristic X-rays are produced when inner shell electrons are ejected from their orbitals 
by primary beam electrons. The primary electron beam energy used in this study carries 
enough energy to eject inner shell electrons of the eight characterized elements. The SEM 
was operated to accelerate primary beam electrons to a kinetic energy 15 keV and the binding 
energies for the inner most shell electrons for the major elements of interest in glassy fallout 
range from 1.071 keV (for Na) to 7.112 keV (for Fe). 

Ejecting an inner shell electron leaves the atom in an excited and ionized state. The 
ion quickly de-excites (~1 ps) through a set of available transitions from an electron in 
a higher orbital down to the inner orbital vacancy (Figure 4.1) [92]. The difference in 
binding energies is often emitted as a “characteristic X-ray” (AE binding = hv), as the energy 
difference between these orbitals is well-defined and element-dependent. While there are 
several transitions available (and some forbidden), the L to K transition (emitting a K a 
X-ray) is the most intense for the major elements characterized in these fallout glasses (Si, 
Al, Na, K, Ca, Fe, Ti, and Mg) and was used to quantify the compositions in these glassy 
fallout samples. 
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K Lines 



Figure 4.1: Electron transitions leading to common characteristic X-rays from the K, L, and M shells. 
Adapted from [93]. All major elements in this dissertation rely on quantifying the K a transitions. 


X-ray detection and processing 

The EDS detector in this study uses a lithium-compensated (also referred to as “lithium- 
drifted”) Si or “Si(Li)” semiconductor to detect X-rays emissions in the SEM. 3 EDS semi¬ 
conductor detectors detect X-rays of all energies that impinge on the detector and disperses 
them by energy, creating an energy spectrum that contains the continuum X-ray background 
with characteristic X-ray peaks (Figure 4.2). This study used a Bruker Flash 6-60 EDS spec¬ 
trometer with a 10 mm 2 Si(Li) detector mounted on an FEI Inspect-F SEM. 

EDS detectors create mobile charge carriers (electron-hole pairs) in direct proportion to 
the energy of the absorbed X-ray. As the X-ray enters a detector, it will deposit most of its 
energy into an electron (now called the photoelectron), ejecting it from its orbital where it 
is free to scatter through the solid, depositing the energy absorbed from the X-ray. As the 
photoelectron scatters through the detector it creates electron-hole pairs until it dissipates 
all of its kinetic energy. In the case of Si(Li), for every 3.76 eV of energy the incoming 
X-ray carries, one electron on average will be promoted to the conduction band, creating 
one electron-hole pair. For X-rays with keV energies, hundreds to thousands of electron-hole 
pairs are typically produced for each incoming X-ray. However, this is a statistical process, 
producing a distribution around some mean number of electron-hole pairs produced for an 
X-ray of a given energy. This distribution is the energy resolution of the detector, which is 
typically 130 eV at FWHM of Mn’s K a X-ray energy (5.90 keV). 4 

3 Li is used to compensate for the excess holes created by the low levels of impurities present in high- 
purity Si [93] .While Li is a dopant, it does not alter the band gap between the valence and conduction bands 
like other dopants are intended to. The band gap remains 3.76 eV. 

4 The resolution decreases slowly with increasing energy; the resolution at the Mn K a X-ray energy is 
cited because of convention [94]. 
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An applied voltage causes electrons and holes to migrate to opposite ends of the crystal, 
creating an electronic signal. Because the number of electron-hole pairs created is propor¬ 
tional to the energy of the absorbed X-ray, the amplitude of this signal is also proportional to 
the energy of the absorbed X-ray. A pre-amplifier converts this charge to a voltage, which is 
then shaped and amplified by a linear amplifier, and then a multichannel analyzer sorts the 
pulses by voltage [94]. The software converts this histogram of counts versus detected voltage 
into a histogram of counts versus incoming X-ray energy, creating the energy spectrum that 
an operator uses to qualitatively or quantitatively measure a sample’s composition. 



Figure 4.2: A typical EDS spectra from a glassy fallout sample (FLD10) in the range of 0-7.5 keV. Note 
the log scale on the y-axis. Characteristic X-rays of elements characterized in this study are noted in red. 
The K a peaks are fit and quantified after the X-ray continuum has been fit and subtracted. This analysis 
was taken with the standard operating parameters described in the text. The widths of the peaks are due 
to the energy resolution of the spectrometer, which is relatively poor compared to the natural linewidth of 
characteristic X-ray emission («2 eV for Ca at FWHM) [92]. 


Quantifying an EDS spectrum 

This study uses ESPIRIT 2 software (bundled with the Bruker EDS) to quantify EDS spectra 
using the K a emissions for all measured elements: O, Si, Al, Na, K, Ca, Fe, Ti, and Mg. 
After collecting an EDS spectrum, the ESPIRIT 2 software uses an internal algorithm (known 
as a “ZAF correction”), which is a standardless quantification procedure, to calculate the 
elemental weight percent of each element of interest in the sample. First, the continuum 
X-ray background is modeled based on operating conditions and subtracted. Next, the 
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algorithm corrects for three matrix factors (Z, A, and F factors) that take into account the 
primary effects that alter X-ray yields between different elements. 

The Z correction 

The Z in ZAF refers to two corrections, one for the sample’s stopping power and one for 
backscatter of primary beam electrons, both of which depend on the average atomic number 
(Z) of the analysis volume. The first correction is for the inelastic scattering primary beam 
electrons undergo with inner shell electrons as the travel into the sample, which decreases 
with increasing Z [92], Stopping power is defined as the rate of energy loss (— dE/dx , which 
can be approximated using the Bethe-Bloch equation) divided by the sample’s mass density, 
P- 


IdE 
p dx 


(4.1) 


The backscatter correction corrects for primary beam electrons that backscatter out of the 
sample, primarily due to scattering events with nuclei. This effect becomes more pronounced 
with increasing average atomic number (oc ln(Z)) [92, 95]. For samples with higher Z, more 
electrons are backscattered out of the sample, and fewer X-rays are generated in the sample 
as a result. These two effects trend in opposite directions (stopping power decreases with Z 
and backscattering increases with Z), so the overall Z correction factor is usually small [87]. 


The A correction 

The A refers to the correction for the self-absorption of X-rays as they exit the sample, 
attenuating the number of X-rays escaping the sample surface. Absorption is usually the 
largest correction and it depends strongly and nonlinearly on the X-ray energy and the 
sample’s composition [93]. Because primary electrons eject inner shell electrons from some 
finite depth below the sample surface, the X-rays must travel some finite distance to escape 
the sample. As X-rays produced at some depth x, with some intensity J 0 , travel towards 
the surface, they are absorbed by bound electrons, which are subsequently ejected, creating 
photoelectrons, with kinetic energies equal to the X-ray energy minus their binding energy. 
The attenuation follows Beer’s Law: 


= exp (4.2) 

where / is the X-ray intensity once the X-ray has escaped the sample, p/p is the mass 
absorption coefficient, p is the density, and x is the distance traveled in the sample along a 
straight line from where the X-rays were Figure to the face of the detector window [92], 
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The F correction 

Absorption causes atoms to emit secondary characteristic X-rays, or fluoresce, which is the 
F correction. As primary X-rays (both characteristic and continuum) leave the sample, they 
may be absorbed by inner shell electrons from other atoms in the sample. The inner shell 
electron may be ejected, and higher vacancy electrons will drop to fill the inner shell vacancy, 
releasing a characteristic X-ray [85]. In this case, these X-rays are called secondary X-rays 
and this processes is called secondary fluorescence. 

The primary characteristic X-ray must have energy greater than the absorption edge of 
the photoelectron it creates. For example, the presence of Fe (with its Ka X-ray energy of 
6.404 keV) can cause secondary fluorescence in all the other major elements present in these 
samples (after Fe, Ti has the highest K absorption edge at 4.966 keV). In the absence of a 
fluorescence correction, Fe would appear to be less abundant, and the other elements more 
abundant due to photoelectrons from other elements in the sample, which are created by 
absorbing Fe’s Ka X-ray and then release characteristic X-rays of their own. 

Sum totals 

Sum totals are the sum of the ZAF-corrected and quantified concentrations of a single anal¬ 
ysis for all characterized major element oxides. Ideally, sum totals should equal 100 wt.%, 
but rarely do. Deviations from 100% are meaningful and primarily reflect analytical uncer¬ 
tainties, but can also indicate charging effects, an element that is present in the sample but 
was not quantified, topographical effects that were ignored, excessive volatilization of alkalis, 
or an improper quantification scheme [92], In this study, the only retained EDS analyses 
are those whose eight oxides sum to between 96% and 104%, where values greater 100% are 
likely due to assumed stoichiometries. 

Carbon and oxygen 

Carbon and oxygen are present in the samples - carbon as a ~10 nm conductive coating 
and oxygen at approximately 45 wt.%. These elements are included in the software’s matrix 
corrections. In this study, C was selected as the conductive coating in the ESPIRIT 2 
software. This built-in option deconvolutes and fits the C K a X-ray to incorporate it into 
the ZAF correction, but does not report it as part of the sample’s composition. Despite being 
the most abundance element in these fallout samples, O’s K a line has a high uncertainty 
due to its low energy, making its measured abundance susceptible to slight variations in 
C coating thickness and its convolution with C’s K a and Fe’s L a , lines. Despite its high 
uncertainty, the ZAF software reports the calculated wt.% for O, but this was not used for 
reporting chemical compositions. 
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EDS grid analyses 

To characterize the compositions of host objects in glassy fallout, 100 EDS raster analyses 
were conducted in a grid pattern at a fixed magnification of 150x across host objects (herein 
called the “EDS host object grid analyses”; Figure 4.3). The grid pattern ensures the raster 
analyses and complete EDS dataset are unbiased, sampling compositions randomly across the 
host object. Using a fixed magnification and a constant number of rasters ensures that the 
number of analyses per host object is based on its cross-sectional area. At 150x magnification, 
100 evenly-spaced square EDS rasters were manually drawn in a grid pattern across the field 
of view (with each raster having a dimension ~10-15 /irn across its diagonal). Rasters drawn 
over voids, fractures, or on epoxy were rejected. For the EDS host object grid analyses, EDS 
X-ray compositional maps and BSE images were later used to exclude EDS rasters taken in 
features resembling agglomerates and interfaces between agglomerates and host objects. For 
EDS raster analyses collected within agglomerates, these same compositional maps were used 
to confirm the identity of agglomerates and also to exclude raster analyses that overlapped 
the compositional interface or sampled the host object. Raster analyses were used instead 
of “point” or “spot” analyses (<1 /irn beam diameter at the sample surface) because high 
primary beam currents and long analysis times can volatilize species such as Na and K 
(discussed below). 

All EDS raster analyses were collected for a live time of 30 s, with EDS detector dead 
times kept between a;10-20%. 5 The analyses were conducted with samples set 10 mm from 
exit aperture of the electron beam column in the SEM (called the “working distance”), 15 
kV accelerating voltage, and “spot size” of 5. Spot size is a term used by the FEI Inspect 
SEM software as a proxy for primary beam current, and can be set by the user in steps of 
0.5 between the values 3 and 6. A spot size of 5 corresponds to a primary e _ beam current 
of approximately 1 nA. 

Accuracy and precision of EDS analyses 

The goal of generating of the EDS host object grid analyses is to characterize the variations 
in the major element chemical composition of populations of agglomerates, host objects, and 
unmelted soil collected proximate to ground zero (discussed below). EDS analysis with a 
standardless quantification procedure is suitable to measure these compositional variations 
in a large sample suite. The chemical composition of most SIMS analyses locations were 
measured 3-4 times and averaged, with the standard deviation of that average presented 
as the la uncertainty. Operating conditions were kept constant, and the majority of EDS 
raster analyses were conducted over the period of several months to minimize systematic 
uncertainties (for EDS analyses of hosts and agglomerates). 

5 The dead time is the percentage of time the detector spends processing current signals; during this time 
it does not process new incoming x-rays. 
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Figure 4.3: Secondary electron image of a grid of EDS rasters (yellow boxes with green labels as identifiers) 
collected on sample FLD25 at a magnification of 150x. Rasters were manually drawn and are approximately 
10-15 nm. across the diagonal. 

Accuracy 

To determine the systematic bias of the EDS’s internal standardless ZAF correction, a ref¬ 
erence standard was used to compare EDS measurements to the standard’s literature values 
and to measurements of the standard using EPMA (WDS) from [68] (Figure 4.4). The ana¬ 
lyzed reference material is Basalt Columbia River 1 (BCR-1, U.S. Geological Survey), which 
has a basaltic composition. The BCR-1 material was provided as a powder and fused into 
a glass at LLNL so it could be analyzed using techniques such as EDS, WDS, and SIMS. 
The major element composition of glassy fallout samples used in this study are more silicic 
than BCR-1, but BCR-1 provides a basis to compare the accuracy of standardized WDS and 
standardless EDS techniques. In addition, Ti and Mg are present above the percent level in 
BCR-1 («1.3 and 2.1 wt.%, respectively), though present at ~0.5 wt.% or below in these 
glassy fallout samples. A rhyolitic standard would be the best compositional comparison 
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with this suite of glasy fallout samples. However, this compositional comparison is most 
important for determining alkali mobility [96]. 



Figure 4.4: Histograms showing the EDS analyses deviations from the literature values [97] and the stan¬ 
dardized EPMA measurements [68]. On BCR-1, 90 ~10 pm raster EDS analyses were collected using the 
operating conditions described in the text (Table 4.3). Individual uncertainties are not shown to highlight the 
systematic bias of the ZAF quantification scheme. Note that the standardized EPMA analyses and BCR-1 
literature values do not agree (within lcr, see Table 4.1) for A1 and Fe: the EPMA systematically measures 
a higher A1 concentration and lower Fe concentration. Inaccuracies between the EDS and measured EPMA 
values or literature values are within 10%, except for Ca and Ti. One possibility for the deviation from the 
literature values is that BCR-1 was provided as a powder and then fused into glass at LLNL, which may 
have slightly modified the composition. 


Precision 

For the operating conditions used in this dissertation, EDS achieves ~5% precision for most 
elements with abundances >1 wt.% in a single analysis (Table 4.2). Longer counting times 
can in some cases achieve better precision, but ~5% is acceptable and shorter counting times 
prevent excessive alkali loss (discussed below) [68]. The resulting uncertainty is not limited 
by counting statistics, but instead by uncertainties in fitting the continuum background and 
deconvolving and fitting the characteristic X-ray peaks in the 1-2 keV range (Na, Mg, Al, 
and Si; Table 4.2). The analytical uncertainty is dominated by uncertainty in the ZAF 
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Table 4.1: Summary of historic measurements on BCR-1 (reproduced from [97]) compared with standardized 
EPMA measurements by Weisz (2016) [68]. Results from [68] assumed oxide stoichiometries, so no O or sum 
total is shown. The results that are outside la are highlighted in bold. 


Element 

Literature 

± 

la 

EPMA 

± 

la 

Si 

25.27 

"IT 

0.17 

25.78 

""±" 

0.24 

A1 

7.22 

± 

0.13 

7.78 

± 

0.06 

Na 

2.43 

± 

0.09 

2.43 

± 

0.07 

K 

1.40 

± 

0.03 

1.42 

± 

0.03 

Ca 

4.97 

± 

0.11 

4.89 

± 

0.05 

Fe 

9.38 

± 

0.25 

8.68 

± 

0.14 

Ti 

1.34 

± 

0.06 

1.31 

± 

0.03 

Mg 

2.10 

± 

0.08 

2.05 

± 

0.02 

0 

45.10 

± 

0.40 

- 


- 

Sum 

99.95 

± 

0.55 

- 


- 


correction and fitting routines from Bruker’s ESPIRIT 2 software package, as spot-to-spot 
precision (reproducibility) of EDS analyses is typically ~1% (Table 4.3). 

Table 4.2: Concentration, counts, and their associated uncertainties from a single EDS raster analysis (~10 
/jin diameter raster, 30 s live time, ~15% dead time) on fallout sample U1B. These concentrations are typical 
for glassy fallout from this test. Elements are ordered by their K a X-ray energy. 


Element 

K„ (keV) 

Weight % 

± 

la 

1RSD (%) 

Counts 

± 

1RSD (%) 

O 

0.53 

48.03 

“IT 

5.32 

11.07 

154555 

""i - 

0.25 

Na 

1.04 

1.52 

± 

0.12 

8.01 

12752 

± 

0.89 

Mg 

1.25 

0.48 

± 

0.05 

10.85 

5455 

± 

1.35 

A1 

1.49 

7.68 

± 

0.38 

4.97 

98914 

± 

0.32 

Si 

1.74 

33.88 

± 

1.43 

4.22 

431200 

± 

0.15 

K 

3.13 

2.75 

± 

0.11 

4.05 

25358 


0.63 

Ca 

3.69 

0.95 

± 

0.06 

5.93 

7202 

± 

1.18 

Ti 

4.51 

0.27 

± 

0.04 

13.48 

1462 

± 

2.62 

Fe 

6.40 

2.19 

± 

0.10 

4.39 

6879 

± 

1.21 

Sum 

- 

97.74 

± 

7.60 

7.78 

- 


- 


Electron-beam induced alkali loss 

Ideally, <1 fim EDS analyses would be used to characterize the chemical heterogeneity in 
glassy fallout while minimally overlapping regions of differing composition. However, such 
small “spot” analyses may mobilize and volatilize alkalis due to beam-induced heating of 
the analytical volume and sample charging [96]. Na and K volatilization in fallout from 
spot analyses has previously been demonstrated in EPMA analyses of glassy fallout [68]. 




CHAPTER 4. MAJOR ELEMENT COMPOSITIONS OF FALLOUT 


95 


Table 4.3: Mean, la, and 1RSD for 90 EDS rasters (raster diameter wlO /jm) on the BCR-1 standard. This 
table shows the spot-to-spot precision of EDS analyses. 


Element 

Mean 

± 

lcr 

1RSD(%) 

Si 

26.18 

± 

0.15 

0.55 

A1 

7.47 

± 

0.05 

0.73 

Na 

2.58 

± 

0.04 

1.39 

K 

1.44 

± 

0.05 

3.29 

Ca 

5.41 

± 

0.13 

2.46 

Fe 

8.55 

± 

0.20 

2.37 

Ti 

1.52 

± 

0.05 

3.21 

Mg 

2.15 

± 

0.06 

2.73 

0 

44.71 

± 

0.10 

0.23 


These effects can largely be mitigated by using EDS rasters or diffuse primary beams, short 
counting times, low currents, and high accelerating potentials [96, 98]. 



Raster Size (pm) 


Figure 4.5: Variation of Na EDS measurements (as elemental wt.%) as a function of raster diameter on 
BCR-1. The first points are “spot” analyses [i.e., not rasters) and are arbitrarily set to 1 pm, but are 
likely smaller. Rasters are hand-drawn and circular, which leads to the slight variation in raster diameters 
(measured later using ImageJ) [86]. The dashed line is the BCR-1 literature value for the Na composition 
in wt.% and the gray band is its la uncertainty. Data are tabulated in Table E.2 in Appendix E. 

To understand and minimize alkali volatilization from single EDS analyses, EDS rasters 
of different sizes were used to measure the composition of the BCR-1 standard. Figure 4.5 
shows that raster diameters >5 jum do not volatilize Na in BCR-1. However, Na may be more 
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mobile in glassy fallout samples than in the BCR-1 standard. In order to determine whether 
Na volatilizes more easily from glassy fallout than the BCR-1 standard, three overlaid EDS 
raster analyzes were used to analyze, in immediate succession, the composition of BCR-1 
and a representative glassy region of fallout from sample FLD10 (Figure 4.7). Figure 4.7 
shows the Na and K composition relative to the composition of the first raster in BCR- 
1 and glassy fallout. In both BCR-1 and glassy fallout, K volatilization is observed to be 
negligible. In contrast, while Na volatilization is negligible in BCR-1, Na decreases with each 
successive EDS analysis in glassy fallout, indicating Na may be volatilizing during multiple 
successive analyses in glassy fallout and that Na may be more mobile in BCR-1 than in glassy 
fallout. As a result, to ensure Na was minimally volatilized from glassy fallout during EDS 
raster analyses, only EDS rasters with diameters >10 fun were used when analyzing glassy 
fallout with EDS. Furthermore, in order to capture the composition of a region previously 
analyzed with SIMS, the approach of overlaying multiple EDS rasters was frequently used to 
measure the composition of a SIMS analytical crater when the crater topography was wide 
and shallow to not affect the analysis (otherwise, EDS rasters were placed adjacent to and 
surrounding the analytical crater; Figure 4.6). To report the most accurate composition for 
Na in these cases, if the measured Na wt.% decreased over successive EDS raster analyses, 
the concentration from the first analysis was used and the uncertainty for Na was taken as 
the uncertainty from a typical, single analysis («8%) instead of the standard deviation of 
the successive raster measurements. 


For SIMS craters with shallow 
and wide topography 



EDS rasters measured 
compositions within 
SIMS craters 


Other SIMS craters 



EDS rasters measured 
compositions adjacent 
to SIMS craters 


Figure 4.6: Schematic detailing how compositions of SIMS analytical regions were measured with EDS 
rasters. When the topography of the SIMS crater was shallow and wide, EDS rasters were placed directly 
in the analytical crater to measure its composition. Otherwise, EDS rasters were collected adjacent to the 
SIMS crater. 


4.4 EDS compositional X-ray maps 

EDS compositional X-ray maps were collected for two purposes. First, qualitative X-ray 
maps of entire samples were used to identify agglomerates and determine their size, location, 
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Figure 4.7: Relative same spot variation of Na and K from successive EDS rasters over the same region for 
BCR-1 (on left) and a representative example of glassy fallout from sample FLD10 (on right). Na and K 
compositions are normalized to the first measurement in the raster sequence (“Raster 1”). Uncertainties 
are lcr. BCR-1 does not appear to volatilize Na under the operating conditions described in the text, while 
some analyses in fallout volatilized Na. Neither BCR-1 or fallout was observed to volatilize I< in overlapping 
raster analyses. Data are tabulated in Table E.l in Appendix E. 


and frequency (discussed in Chapter 3). Second, high-magnification quantitative X-ray maps 
were collected over compositional interfaces between agglomerates and hosts to characterize 
the behavior of major elements at the interface (discussed in Chapter 8). 

To collect EDS X-ray maps, a field of view is subdivided into pixels, over which the pri¬ 
mary electron beam is rastered. An X-ray spectrum is collected in each pixel, independently 
fit, the background independently subtracted, and characteristic X-ray peaks independently 
integrated to determine the number of counts of each element in that pixel. These maps 
may also be quantified, but the Bruker’s ESPRIT 2 software does not output an uncertainty 
in this case. Due to the large number of pixels in an image (often exceeding several million) 
and the short dwell time per pixel (typically set to 8 /is /pixel), one needs to collect maps 
for several days for large samples to obtain a high signal-to-noise ratio, which can be t im e 
prohibitive. There are several alternatives. First, descriptive (qualitative) X-ray maps, par¬ 
ticularly for the most abundant elements, Si and Al, can be obtained on the order of hours. 
Second, when mapping at higher magnification and lower pixel resolution, sufficient counts 
per pixel, even for minor elements, can be achieved on the order of hours, particularly when 
averaging multiple adjacent pixels (i.e., using pixel smoothing). 

Whole sample mapping 

Interfaces between host objects and agglomerates are usually, but not always, easily visible 
in BSE images (Figure 4.8) [68]. X-ray maps can be used to definitively locate agglomerates 
that are difficult to identify using BSE images alone because many interface compositions do 
not appreciably deviate in Z from the bulk average (Figure 4.8). X-ray maps used to identify 
and count agglomerated objects were typically collected for between 15-24 hours at currents 
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sufficient to increase the deadtime to ~50% (spot size 5.5 or 6.0). The resolution of these 
maps depended on the sample, but were approximately 1800x1800 pixels at magnifications 
above lOOx (minimum field of view is «2.4x2.4 mm). These operating conditions were 
sufficient to resolve agglomerates ~5-10 /irn in diameter. Images of larger samples were 
stitched together from multiple maps. A1 maps were used to identify agglomerates because of 
the relatively high abundance of A1 in these samples (~13 wt.% A1 2 0 3 in the glassy regions 
of fallout) and the consistent observed depletion across both CaMgFe and Si interfaces. 
Examples of whole sample A1 compositional X-ray maps are shown in Figure 4.9. 



Figure 4.8: Comparison between a BSE image (top) and A1 X-ray compositional map (bottom) of the same 
location at the periphery of sample U3. The compositional interfaces of surface agglomerates are more visible 
in the A1 X-ray compositional map. 
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Figure 4.9: Examples of A1 compositional X-ray maps of select samples. These types of maps are used 
to identify agglomerates and qualitatively characterize textures and morphology in cross-sections of fallout. 
Examples of features common in fallout cross-sections such as agglomerates, vesicles, flow-banding, and high 
SiC>2 regions (unmelted or partially-melted quartz) are noted. Agglomerates characterized in this study are 
also noted. 
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Interface mapping and line scans 

Quantified, high-magnification compositional X-ray maps were collected to determine the 
composition of interfaces between agglomerates and hosts (discussed in Chapter 8). The 
magnification of these maps varied, but were sufficient to resolve ~10-20 /irn on either side 
of the interface. 

Each quantified map of an interface was collected until pixels at the interface contained 
at least 1000 background-subtracted counts of Si and several hundred counts of A1 (~2-3 
hours). Other elements such as Fe, Ca, and A1 contained ~30 counts per pixel. After the 
maps were quantified, ImageJ image analysis software was used to extract line profiles of pixel 
values in a direction perpendicular to the interface [86]. Line profiles were smoothed using 
50 pixels or more to estimate and reduce the uncertainty of the line profiles. The smoothed 
scans were extracted at regions along the interface that showed the least amount of curvature 
to avoid artificially increasing the apparent width of the interface (Figure 8.3). The location 
of the profile was selected to transect regions that were approximately homogeneous on both 
the agglomerate and host side of the interface. 

As previously noted, Bruker’s ESPIRIT 2 software does not calculate uncertainties for 
quantified compositional X-ray maps. To estimate the uncertainty of each smoothed step in 
the line scan, a one pixel wide line scan whose length was equal to the number of pixels used 
for smoothing was drawn perpendicular to the line scan across the interface. To estimate 
the uncertainty of the line profile, the standard error of the mean (SEOM) of these samples 
was calculated (>20 samples, depending on the number of smoothed pixels). The uncertain¬ 
ties presented in tables and figures of extracted traverses of compositional interfaces from 
quantified X-ray compositional maps are the 2 times the standard error the mean (2SEOM). 
These data are presented and discussed in Chapters 8 and 9. 


4.5 The major element composition of host objects 

Host object compositions were measured using 3,698 EDS raster analyses collected in grid 
patterns across 37 samples. Table 4.4 shows the mean composition of these analyses, Table 

4.6 shows the mean composition of these analyses for each sample, and Figure 4.10 shows 
the distributions for each of the major element oxides from these measurements as kernel 
density estimates (KDEs). 

The mean major element composition of host objects 

In terms of exposed cross-sectional area, the host objects dominate the population com¬ 
pared to agglomerates (discussed in Chapter 3). Therefore, major element compositions of 
host objects are largely representative of the fallout population as a whole. The average 
composition of the host objects is rich in Si0 2 , which is present at 73.8 ± 4.1 wt.% oxide 
(mean ± lcr; Table 4.4). The next most abundant oxide is A1 2 0 3 , present at an average 
concentration of 13.6 ±2.1 wt.%, followed by the alkali oxides with K 2 0 slightly enriched 
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on average compared to Na 2 0 (averages of 3.8 ± 0.7 and 3.3 ± 0.7 wt.%, respectively). On 
average, FeO and CaO are present at similar concentrations: 2.8 ± 0.8 and 2.1 ± 1.0 wt.%, 
respectively, and MgO and Ti0 2 are present at under 1 wt.%, with average concentrations 
of 0.6 ± 0.3 and 0.3 ± 0.2 wt%, respectively. 

Ti0 2 , MgO, and CaO have the largest RSDs, varying between 44.3 and 53.7%. The 
large RSD for Ti0 2 and MgO can be explained, at least in part, by their large analytical 
uncertainties due to their low abundances. The analytical uncertainties on MgO and Ti0 2 
are approximately 15% lcr relative (mean relative lcr uncertainties are 17.7 and 12.8%, 
respectively). In contrast, the mean analytical uncertainty on CaO is 4.8% lcr relative. The 
RSD of the average composition of CaO instead reflects Ca heterogeneity among the glassy, 
partially-melted, and unmelted phases of the analyzed fallout samples (best shown in Figure 
4.10). 

Table 4.4: Mean oxide values for major elements collected from 3,698 EDS raster measurements on 37 host 
fallout glasses. 


Oxide 

Mean 

(wt.%) 

lcr 

(wt.%) 

1RSD 

(%) 

Si0 2 

73.77 

4.12 

5.58 

A1 2 0 3 

13.59 

2.16 

15.92 

Na 2 0 

3.26 

0.70 

21.51 

k 2 o 

3.80 

0.70 

18.49 

CaO 

2.12 

0.99 

46.93 

FeO 

2.77 

0.76 

27.61 

Ti0 2 

0.32 

0.17 

53.74 

MgO 

0.60 

0.26 

44.32 


Kernel density estimates of major element concentrations in host 
objects 

Kernel density estimates (KDEs) show the distribution of each of the measured major ele¬ 
ment oxides across the 37 characterized hosts (Figure 4.10). KDEs are a smoothed approxi¬ 
mation of a distribution using point data (essentially, a smoothed histogram). The method is 
non-parametric, making few assumptions about the underlying data except the shape of the 
kernel (Gaussian, rectangular, triangular, etc.) and the bandwidth (analogous to bin widths 
in histograms). Given the assumption of Gaussian uncertainties for analyses performed by 
EDS, a Gaussian kernel is used here. The band widths are determined independently for each 
element based on the variance in the overall (n = 3,698) EDS host dataset for that variable, 
following Ward and Jones’ “oversmoothed bandwidth selector” [99]. These bandwidths are 
applied to all subsequent histograms and KDEs overlaid with host grid analyses KDEs shown 
in Figure 4.10. The bandwidths are 0.44 for Si0 2 , 0.16 for A1 2 0 3 , 0.08 for Na 2 0, 0.06 for 
K 2 0, 0.09 for CaO, 0.05 for FeO, 0.01 for Ti0 2 , and 0.03 for MgO. 
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The Gaussian KDEs of the measured compositions reveal primarily unimodal distribu¬ 
tions, except for CaO, which has peaks near 0, at 1.81 wt.%, and 3.31 wt.%. As previously 
observed by CaO’s high RSD, the multiple CaO peaks visible using the KDE approach 
confirms the high degree of Ca heterogeneity in these fallout samples. 

The tails of all the individual KDE distributions are long, suggesting the presence of 
outliers, likely unmelted or partially-melted mineral compositions. In the case of K 2 0, 
CaO, FeO, Ti0 2 , and MgO the range of the x-axis was truncated, excluding a total of 54 
analyses, to show the details of the distribution instead of the extent of the scaling towards 
anomalous measurements rich in these oxides. The ranges of K 2 0, CaO, FeO, Ti0 2 , and MgO 
compositions extend to 10.1, 10.2, 16.1, 5.8 and 6.9 wt.%, respectively. The outliers were 
measured on samples FLD3.2, FLD9, FLD10, and FLD11, which appear (via BSE images and 
X-ray compositional maps) to contain large unmelted and partially-melted regions. However, 
in the case of K 2 0, most of the outlying measurements were performed on sample FLD25, 
which contains a melted, felsic composition. The significance of these outlying compositions 
are discussed more below and in Chapter 6. 

The relative uniformity of the distributions in Figure 4.10 suggests that relatively similar 
mixing between similar starting materials (mineral phases) occurred across all 37 samples, 
particularly with respect to Si0 2 , A1 2 0 3 , Na 2 0, K 2 0, and FeO. The multimodal features in 
CaO suggest that there were multiple sources of CaO incorporated into the fallout glasses. 
In particular, the resolvable peaks at 1.81 and 3.31 wt.% CaO suggest at least two major 
sources of Ca contributed to the CaO observed in this fallout population. 

Comparison of major element dissolution analyses with 
spatially-resolved data 

Figure 4.10 also shows the mean ± 2a values for dissolution measurements of glassy fallout 
from the same nuclear test from [100]. Using ICP-MS, 81 glassy fallout samples ranging 
in mass from 0.03 to 205 mg (compared to the range of 2.5 to 193 mg for the 23 of 49 
samples that were massed in this study; Table 2.1) were dissolved and analyzed for major 
and trace elements by Dr. Josh Wimpenny of LLNL. Each measurement represents the 
average composition of an entire sample. Due to the ICP-MS analytical procedure, the Si 
concentration was not directly measured, but instead was was determined by difference of 
the other elements present at the percent level (including Mn, which is present at an average 
of 0.09 wt.% oxide). Therefore, the ICP-MS major element composition is constrained to 
sum to 100. 

The mean values for major element oxides based on the spatial EDS measurements 
(this study) and those determined by bulk dissolution measurements (Wimpenny et al., in 
draft ) agree within lcr (Table 4.5). These data highlight the utility of spatial compositional 
analyses—on average, the EDS data reflect the bulk composition of fallout, yet measure 
a greatly expanded range of compositions that would otherwise be obscured. Finally, the 
strong agreement between host object EDS data and bulk dissolution data suggests that the 
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Figure 4.10: Kernel density estimates of the host compositions measured with EDS for this study (data tables 
in Appendix B). Fifty-four analyses are excluded from this figure to allow the peaks of the distributions 
to be easily viewed and compared to other major element oxides (see text for discussion). The green band 
denotes the mean ± 2cr of 81 ICP-MS analyses of wholly dissolved pieces of fallout from this test [100]. The 
bar in the top left of each plot shows the mean analytical 2<r uncertainty for a single representative EDS 
measurement for that major element oxide. 




























































CHAPTER 4. MAJOR ELEMENT COMPOSITIONS OF FALLOUT 


104 


assumption of using spatial data as a proxy for bulk fallout data is appropriate, at least for 
the characterization of major element compositions. 

The RSDs of the mean of the bulk dissolution data are typically lower than the EDS 
composite data by a factor of two or more, except in the case of K 2 0 (15.4% for the bulk 
data compared to 18.7% for the EDS data). However, in both datasets CaO still has one of 
the highest RSDs (27.6% for bulk data and 47.2% for EDS data), despite being present at the 
percent level. This is in comparison to Mg and Ti, whose maximum measured concentrations 
were 0.86 wt.% MgO and 0.43 wt.% Ti0 2 in the bulk dissolution dataset, yet have comparable 
RSDs to CaO. These results reinforce the presence of a large degree of Ca heterogeneity from 
sample to sample and that there likely are multiple sources of Ca-rich minerals in the soil 
that contribute to the CaO heterogeneity ultimately measured in the glassy fallout. CaO 
must have been incorporated into different samples in differing amounts. This behavior is 
in contrast to other oxides present at the several percent level or greater, which appear to 
be relatively well-mixed amongst the sample suite, as exemplified by the quasi-unimodal 
behavior of their KDEs (Figure 4.10). 

Table 4.5: Comparison between EDS measurements on host objects (this study) and bulk dissolution mea¬ 
surements of fallout measured using ICP-MS [100]. 

Host object EDS Data Bulk ICP-MS Data 


Oxide 

( 

Mean 

n = 

± 

3,698) 

lcr 

( 

Mean 

n = 

± 

81) 

lcr 

Si0 2 

73.77 


4.07 

75.22 

“±" 

1.90 

Al 2 03 

13.59 

± 

2.16 

12.24 


1.16 

fa 2 0 

3.26 

± 

0.70 

3.17 

± 

0.36 

k 2 o 

3.80 

± 

0.71 

3.89 

± 

0.60 

CaO 

2.12 

± 

1.00 

1.70 

± 

0.47 

FeO 

2.76 

± 

0.78 

2.84 

± 

0.26 

Ti0 2 

0.32 

± 

0.18 

0.25 

± 

0.07 

MgO 

0.60 

± 

0.27 

0.58 

± 

0.10 


Major element compositions of individual hosts 

The average major element compositions of individual samples (based on EDS rasters per¬ 
formed in a grid pattern across individual objects) shows that most sample compositions 
largely mirror the overall KDEs (Figure 4.11 and Table 4.6). However, there are several 
samples whose average compositions contain outliers of potential significance (noted in Fig¬ 
ure 4.11). 

The average CaO compositions obtained from individual samples span a wide range, from 
values as low as 0.86 wt.% CaO in FLD3.2, a sample observed to primarily contain unmelted 
or partially-melted regions, to values as high as 3.34 wt.% CaO in FLD14, a sample observed 
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Figure 4.11: Histogram showing the average host object composition overlaid with the host KDE from Figure 
4.10. The maximum of each KDE has been scaled to match the maximum of the histogram in each panel. 
The binwidth for each major element is the same as the bandwidth for the KDE (as noted in the text). The 
third peak in the CaO KDE is due to the large percentage of EDS grid analyses (~19% of the total) that 
were performed on samples with average CaO concentrations >3 wt.%. While the majority of samples have 
similar average compositions, there are notable outliers in the FeO, K 2 0, and AI2O3 panels. Average host 
compositions are tabulated in Table 4.6 and the EDS raster data used for the host KDEs are tabulated in 
Appendix B. 
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in its X-ray compositional map to be well-mixed and glassy (he., composed of a mixture of 
compositions that melted, inhomogeneously mixed, and subsequently quenched). This wide 
variation in average CaO composition from sample to sample helps explain the width of the 
sample population’s KDE. The third peak in the CaO KDE at 3.31 wt.% is likely due to a few 
samples with a high CaO content, again suggesting a heterogeneous distribution of Ca in the 
precursor soil, and subsequently, in the samples (Figure 4.11). There are five samples with 
mean CaO concentrations greater than 3% (samples FLD13, FLD14, FLD15, FLD20, and 
FLD21; Table 4.6). In total, there were 693 retained EDS analyses on these fives samples, 
representing nearly 19% of the total number of host EDS analyses. This suggests that even 
when considering average composition on a per samples basis, inter-sample variation (at 
least in oxides such as CaO for this sample population) should be considered. 

The four host objects most enriched in CaO (FLD14, FLD13, FLD21, and FLD15; Table 
4.6) all also appear compositionally well-mixed in compositional X-ray maps (Appendix A), 
which is confirmed by their relatively small CaO IRSDs: 5.2%, 5.3%, 15.3%, and 9.0%, as 
compared to the sample average 1RSD for CaO of 32.2%. This suggests that samples that 
were more extensively heated or spent longer in the fireball had more of an opportunity to 
incorporate and homogenize any mineral or other sources of CaO into their volume. 



Table 4.6: Mean compositions of host objects calculated from the grid-based EDS raster analyses sorted by equivalent diameter. 


Equiv. 

Sample n d (mm) Si02 la AI2O3 la Na20 la K2O la CaO la FeO lcr TiC>2 la MgO la 

Mean 3698 - 73.77 4.07 13.59 2.16 3.26 0.70 3.80 0.70 2.12 0.99 2.77 0.76 0.32 0.17 0.60 0.27 

1 FLD9 393 7.27 72.55 4.35 13.98 2.39 3.38 0.65 3.94 0.57 2.03 0.85 2.96 0.77 0.35 0.15 0.63 0.44 

2 FLD13 264 4.67 75.23 1.18 13.87 0.43 2.95 0.13 3.36 0.10 3.31 0.18 2.64 0.13 0.27 0.06 0.58 0.04 

3 FLD11 164 4.46 73.12 3.97 14.38 2.09 3.49 0.51 3.98 0.53 2.88 1.38 2.95 0.62 0.36 0.11 0.80 0.55 

4 FLD10 343 4.40 74.59 6.79 12.48 3.27 3.81 1.22 3.97 0.96 1.34 1.20 2.80 1.79 0.30 0.47 0.38 0.28 

5 FLD12 219 3.21 73.01 2.96 14.26 1.59 3.52 0.41 4.09 0.45 1.67 0.48 2.94 0.50 0.36 0.11 0.72 0.18 

6 FLD14 89 2.89 75.14 0.85 14.21 0.38 2.91 0.13 3.35 0.11 3.34 0.17 2.77 0.12 0.25 0.05 0.61 0.04 

7 AA.B 174 2.82 74.85 4.64 12.52 2.02 3.38 0.58 3.52 0.57 1.72 0.41 2.44 0.39 0.27 0.05 0.67 0.08 

8 FLD15 144 2.45 73.40 1.21 12.91 0.39 3.34 0.12 3.75 0.11 3.15 0.28 2.74 0.12 0.30 0.03 0.55 0.05 

9 AG.D 127 2.41 75.21 4.80 13.49 2.43 2.97 0.57 3.54 0.66 1.92 0.56 2.68 0.50 0.32 0.08 0.62 0.14 

10 U3 72 2.37 73.40 1.98 13.28 0.71 2.99 0.27 3.77 0.19 2.75 0.61 2.92 0.30 0.33 0.05 0.71 0.10 

11 FLD17 39 2.35 74.14 2.15 13.63 1.34 3.31 0.28 3.98 0.37 2.34 0.57 2.71 0.33 0.28 0.06 0.61 0.11 

12 AH.E 55 2.30 75.18 1.67 13.68 0.90 3.61 0.34 3.75 0.18 1.22 0.40 3.03 0.18 0.36 0.07 0.76 0.17 

13 FLD20 105 2.29 74.35 4.76 13.05 2.19 3.30 0.58 3.77 0.65 3.03 0.71 2.67 0.48 0.33 0.08 0.68 0.11 

14 U4 74 2.23 71.56 1.47 14.39 0.98 2.96 0.26 3.55 0.21 2.91 0.82 2.87 0.15 0.34 0.05 0.63 0.05 

15 AE.C 188 2.22 73.61 4.33 13.27 2.13 3.91 0.76 4.07 0.62 1.44 0.75 2.75 0.50 0.30 0.10 0.55 0.22 

16 FLD16 75 2.15 73.58 3.31 14.06 1.76 3.03 0.50 4.00 0.35 1.62 0.43 2.96 0.45 0.38 0.11 0.64 0.15 

17 FLD23 47 1.93 74.96 7.64 11.47 3.30 2.13 0.58 3.54 0.90 1.92 0.70 2.38 0.67 0.27 0.08 0.50 0.15 

18 FLD18 90 1.82 73.79 3.33 13.44 1.52 3.13 0.50 3.80 0.49 2.40 0.60 2.77 0.32 0.33 0.06 0.71 0.17 

19 CD 79 1.82 73.19 2.47 14.31 1.30 3.18 0.32 3.80 0.36 1.75 0.42 2.93 0.38 0.37 0.09 0.69 0.14 

20 FLD21 91 1.78 74.85 2.21 13.53 0.99 2.98 0.21 3.51 0.23 3.25 0.50 2.59 0.20 0.28 0.07 0.72 0.08 

21 CC 97 1.76 73.53 4.74 13.49 2.36 3.39 0.55 3.88 0.56 2.12 0.55 2.92 0.53 0.34 0.10 0.65 0.16 

22 U1A 60 1.58 72.79 2.41 13.49 0.98 3.26 0.40 3.38 0.25 1.86 0.30 2.88 0.21 0.31 0.04 0.46 0.05 

23 U2 67 1.54 73.45 2.17 13.15 0.92 3.33 0.43 4.57 0.39 1.42 0.76 2.19 0.78 0.28 0.10 0.48 0.23 

24 FLD3.1 70 1.52 74.77 2.71 14.31 1.25 2.62 0.27 3.77 0.25 1.75 0.54 2.79 0.30 0.35 0.07 0.55 0.19 

25 FLD3.3 62 1.51 75.59 1.48 13.91 0.65 2.56 0.19 3.67 0.18 1.92 0.39 2.75 0.15 0.33 0.04 0.47 0.07 

26 FLD4.2 49 1.48 73.62 3.87 14.20 1.98 2.26 0.23 3.40 0.18 1.68 0.37 2.45 0.27 0.30 0.05 0.43 0.09 

27 FLD4.3 55 1.47 71.72 2.41 14.07 1.55 3.22 0.47 4.01 0.20 1.69 0.61 3.11 0.27 0.38 0.08 0.82 0.22 

28 FLD4.1 69 1.46 73.54 2.16 13.33 0.81 2.68 0.15 3.44 0.15 2.45 0.25 2.58 0.17 0.32 0.04 0.51 0.06 

29 FLD4.4 61 1.42 74.49 3.71 13.48 2.12 2.53 0.29 3.31 0.31 2.17 0.46 2.92 0.30 0.35 0.07 0.80 0.21 

30 FLD3.2 33 1.40 71.48 7.73 17.16 4.37 2.71 0.91 3.71 1.22 0.86 0.44 3.48 1.79 0.37 0.18 0.45 0.25 

31 FLD25 47 1.39 70.46 3.17 16.82 3.34 3.67 0.52 6.61 1.99 2.38 1.62 1.36 1.01 0.22 0.08 0.44 0.21 

32 U1B 60 1.34 72.66 3.92 13.65 1.92 3.55 0.53 3.36 0.35 1.39 0.27 2.84 0.29 0.34 0.07 0.55 0.07 

33 FLD5.3 31 1.10 73.30 2.32 11.89 1.03 3.75 0.32 4.10 0.21 1.12 0.88 2.74 0.27 0.26 0.09 0.28 0.19 

34 FLD5.2 36 1.10 72.67 3.69 13.08 1.82 3.17 0.40 3.76 0.34 1.43 0.38 2.61 0.47 0.34 0.10 0.48 0.14 

35 FLD5.5 18 1.01 73.11 1.86 13.36 1.40 2.65 0.33 3.76 0.32 1.31 0.38 2.56 0.40 0.33 0.10 0.47 0.12 

36 FLD5.1 27 0.99 74.24 6.43 12.58 2.98 2.69 0.56 3.26 0.69 1.49 0.43 2.75 0.63 0.34 0.09 0.51 0.13 

37 FLD5.4 24 0.94 72.28 5.26 13.42 3.13 3.32 0.52 3.65 0.40 1.69 0.81 2.78 0.45 0.34 0.10 0.51 0.16 
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The outliers in the KDE plots of A1 2 0 3 , K 2 0, and FeO belong to samples FLD25, FLD3.2, 
and U2. The outlying compositions in FLD3.2 were sampled in locations that contain large 
regions that appear, through visual inspection of its compositional maps, to be unmelted 
or partially-melted (and contain little to no radioactivity), so EDS measurements in these 
regions likely reflect unmelted minerals derived from soil (Figure 2.17 shows the autoradio¬ 
graph for FLD3.2). Figure 4.12 outlines these regions using a Ca compositional map for U2, 
A1 compositional map for FLD25, and BSE image for FLD3.2. 6 In contrast, the outlying 
compositions in U2 and FLD25 were measured in compositional regions that appear partially 
melted in EDS compositional maps (Figure 4.12) and contain radioactivity in their respec¬ 
tive autoradiographs (Figures 2.19 and 2.16), albeit with less intensity relative to the rest of 
the sample. These observations indicate these compositional regions were heated thoroughly 
enough by the fireball to melt and partially incorporate some radionuclides from the vapor 
phase. These two observations suggest that these outlying compositional regions in U2 and 
FLD25 retain compositions more representative of an unmelted mineral compositions in soil 
and incorporated relatively little radionuclides into the melt compared to other regions in 
these samples. Such a situation could occur relatively late in the fireball formation process 
or at the periphery of the fireball, when and where the concentration of radionuclides in the 
vapor term is relatively low. 

To quantitate the U isotope composition of the outlying major element composition 
region in U2, SIMS measurements were conducted in this region by Lewis et al. (2015) [60]. 
While all U isotope measurements in this region of U2 were enriched relative to natural 
(0.02 < 235 u/ 238 U < 1), the U isotope ratios measured in this region are amongst the 
lowest enrichments measured in fallout from this event (U isotope compositions in fallout is 
discussed further in Chapter 5) [60, 67, 101]. 

4.6 The major element composition of agglomerates 

The composition of the characterized agglomerates overlaps that of the host object popula¬ 
tion (and the bulk sample compositions measured via ICP-MS) within lcr (Tables 4.7, 4.8, 
and Figure 4.13). Fifty-eight agglomerates in 15 samples were characterized by EDS raster 
analyses. Despite overall compositional similarity to host objects, agglomerate compositions 
span a more restricted range. This suggests that agglomerates contain few unmelted and 
partially-melted regions, consistent with textural observations (Chapter 3 and Appendix 
A),indicating agglomerates were thoroughly transformed in the fireball. Similarly, the his¬ 
tograms of the average compositions measured in agglomerates largely overlaps those of the 
host object KDEs (Figure 4.13). This demonstrates that the agglomerate compositions are 
not greatly different from the host objects, except that agglomerate compositions span a 

6 Samples FLD9 and FLD10 also contain large partially-melted and unmelted regions, but do not appear 
as outliers because the measurements in these host objects also include large areas of glassy regions. The 
resulting mean major element compositions of FLD9 and FLD10 collected by EDS is close to the collective 
host object mean. 
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Figure 4.12: Ca map of sample U2, A1 map of sample FLD25, and BSE image of sample FLD3.2 highlighting 
outlying compositional regions in each of these samples. The outlying compositional regions in U2 and 
FLD25 are glassy, while the outlying composition in FLD3.2 contains unmelted and partially-melted mineral 
textures and is highly vesiculated. The outlying compositions correspond to the low activity regions in the 
autoradiographs of U2 and FLD25 autoradiographs (Figures 2.19 and 2.16) and the region nearly devoid of 
activity in FLD3.2 (Figure 2.17). 


narrower range. Notable exceptions are the Na20 and K 2 0 content of the agglomerates, 
which, on average, have lower concentrations than those observed in the host objects (Table 
4.7; the means are still well within lcr of each other). This difference in alkali compositions 
are explored further below to determine if agglomerates experienced significant volatile loss. 


CHAPTER 4. MAJOR ELEMENT COMPOSITIONS OF FALLOUT 


110 


Si02 (wt.%) 

J 

L 

60 70 

80 90 100 

Na20 (wt.%) 

J 

l 

6 2 

4 6 8 

CaO (wt.%) 

IdJ 


6 2 

4 6 

Ti02 (wt.%) 

1 



AI203 (wt.%) 

i J 



MgO (wt.%) 



A. 


I I EDS analyses of 37 samples (n = 3,698, host objects only) 
[J Avg. compositions from each of the 58 agglomerates in 15 
samples (n = 58) 


Figure 4.13: Smoothed histograms of the host compositions (shown in grey; data tabulated in Appendix B) 
with overlaid histograms of average compositions of individual agglomerates (shown in red; data tabulated 
in Table 4.8). Distributions of agglomerate compositions largely overlay host compositions. CaO appears 
more unimodal, likely because agglomerates are more well-mixed. 
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Table 4.7: The mean compositions of host object population (n = 3,698) and agglomerate population 
(n = 679) from EDS raster measurements. 

Host composition Agglomerate composition 


Oxide 

Mean 

± 

la 

Mean 

± 

la 

Si0 2 

73.77 

IT 

4.07 

74.19 


2.34 

A1 2 0 3 

13.59 

± 

2.16 

13.75 

± 

1.34 

Na 2 0 

3.26 

± 

0.70 

3.02 

± 

0.73 

k 2 o 

3.80 

± 

0.71 

3.59 

± 

0.45 

CaO 

2.12 

± 

1.00 

2.40 

f§ 

0.63 

FeO 

2.76 

± 

0.78 

2.74 

± 

0.27 

Ti0 2 

0.32 

± 

0.18 

0.31 

± 

0.07 

MgO 

0.60 

± 

0.27 

0.68 

± 

0.14 


Major element compositions of individual agglomerates 

Several agglomerates have mean compositions that fallout outside of the general distribution 
(Figure 4.13 and Table 4.8). For example, agglomerate FLD21.L, a surface agglomerate 
in sample FLD21, has a mean CaO concentration nearly 70% higher than the mean CaO 
concentration from all EDS raster analyses within agglomerates (Tables 4.7 and 4.8). The 
other characterized agglomerate on sample FLD21, FLD21.1, is also enriched in CaO relative 
to the agglomerate mean of CaO (3.06 wt.% CaO, nearly 30% greater than the agglomerate 
mean). This deviation is less notable when compared to the mean CaO concentration of 
the host object FLD21 (3.25 ± 0.50 wt.%; Table 4.6). In this case, agglomerate FLD21.1 
is depleted relative to host object FLD21 by ~-6% and agglomerate FLD21.L enriched by 
24% relative to host object FLD21. Comparing agglomerates to the hosts to which they 
are attached may provide a more accurate basis for understanding general differences (or 
similarities) in the compositions of the host object and agglomerate population. 




Table 4.8: Mean compositions of agglomerates measured using n EDS raster analyses across the agglomerates sorted by equivalent diameter. 
The first row shows the mean of all EDS raster analyses within all agglomerates. 

Equiv. 

Sample Agglomerate n d (pm) SiC>2 lcr AI2O3 la Na20 la K2O la CaO la FeO la TiC>2 la MgO la 
.Mean' Mean - 74;i9 '13,75 X-34 $.74 0.&t 0.68 0.14 

1 FLD10 FLD10.L 30 1089 73.93 1.31 13.11 0.33 3.07 0.18 3.61 0.16 2.27 0.18 2.81 0.13 0.33 0.05 0.49 0.04 

2 FLD14 FLD14.L 75 856 74.21 1.54 13.73 0.63 2.99 0.29 3.43 0.15 3.26 0.28 2.64 0.09 0.29 0.04 0.68 0.13 

3 AA.B B3 56 590 73.34 1.82 13.46 0.96 3.80 0.39 3.66 0.24 2.35 0.27 2.51 0.16 0.27 0.05 0.74 0.05 

4 U4 U4.1 13 553 74.46 1.33 13.79 0.36 2.29 0.33 3.26 0.12 2.36 0.10 2.91 0.10 0.28 0.05 0.63 0.04 

5 FLD23 FLD23.L 8 498 73.33 0.47 12.95 0.33 2.05 0.15 3.36 0.22 2.98 0.30 2.61 0.06 0.28 0.01 0.55 0.02 

6 U4 U4.3 29 465 76.39 1.44 13.55 0.34 2.19 0.18 3.37 0.17 2.52 0.20 2.71 0.07 0.28 0.02 0.76 0.05 

7 FLD21 FLD21.1 10 401 76.42 1.11 13.25 0.29 2.75 0.25 3.32 0.21 3.06 0.18 2.71 0.19 0.31 0.06 0.67 0.05 

8 AA.B B1 43 384 73.92 1.35 13.72 0.62 3.78 0.23 3.60 0.25 2.45 0.32 2.63 0.17 0.29 0.07 0.77 0.06 

9 FLD17 FLD17.2 21 355 76.03 1.04 13.26 0.37 3.02 0.06 3.49 0.07 3.00 0.18 2.75 0.07 0.29 0.03 0.58 0.03 

10 AH.E E2 13 341 76.26 1.59 13.59 0.78 3.16 0.12 3.25 0.11 2.00 0.15 2.83 0.15 0.31 0.06 0.77 0.04 

11 FLD18 FLD18.4 23 336 73.55 1.08 13.93 0.57 3.10 0.36 3.57 0.34 2.55 0.24 2.77 0.13 0.33 0.04 0.59 0.04 

12 U4 U4.2 7 335 73.59 1.18 12.85 0.23 2.91 0.07 3.26 0.08 2.73 0.09 2.65 0.15 0.28 0.06 0.41 0.04 

13 AG.D D2 19 283 73.53 6.38 13.81 3.42 3.36 0.81 3.51 0.83 1.80 0.55 2.74 0.66 0.37 0.12 0.71 0.17 

14 AE.C C4 9 264 71.85 1.88 12.40 0.72 4.61 0.29 4.42 0.13 1.71 0.63 2.59 0.31 0.34 0.09 0.57 0.19 

15 U3 U3.3 13 262 74.51 0.58 13.42 0.18 3.33 0.09 3.69 0.11 2.87 0.13 2.74 0.06 0.32 0.01 0.91 0.03 

16 U4 U4.7 12 247 76.04 0.69 14.14 0.37 2.61 0.08 3.13 0.13 2.55 0.24 2.90 0.09 0.29 0.02 0.77 0.02 

17 FLD4.4 FLD4.4.1 19 244 72.40 4.19 16.46 2.40 2.04 0.23 2.61 0.23 2.18 0.36 3.11 0.37 0.38 0.08 0.72 0.10 

18 FLD17 FLD17.1 8 209 76.45 2.23 12.51 1.39 3.19 0.30 3.70 0.23 2.24 0.61 2.84 0.09 0.29 0.03 0.57 0.05 

19 AE.C C2 14 207 76.46 0.80 13.17 0.64 3.19 0.20 3.23 0.08 2.67 0.15 2.65 0.10 0.26 0.06 0.58 0.03 

20 FLD21 FLD21.L 8 206 73.77 1.50 14.02 0.41 2.46 0.09 2.86 0.12 4.03 0.10 2.65 0.08 0.25 0.05 0.62 0.03 

21 AG.D D1 10 201 73.93 1.30 13.63 0.94 3.94 0.34 4.35 0.35 1.46 0.17 2.53 0.18 0.29 0.06 0.56 0.04 

22 AE.C Cl 12 200 73.32 0.99 14.19 0.64 4.31 0.67 4.12 0.47 2.13 0.20 2.72 0.09 0.31 0.05 0.62 0.03 

23 U1B U1B.L 25 195 71.44 2.18 15.60 0.62 2.40 0.14 3.61 0.10 1.61 0.13 3.26 0.17 0.48 0.05 0.83 0.06 

24 U3 U3.2 6 191 74.55 1.41 12.91 0.68 2.37 0.11 3.71 0.03 2.63 0.07 3.02 0.15 0.28 0.05 0.62 0.12 

25 AH.E El 9 178 73.29 1.60 13.72 0.42 4.09 0.63 4.54 0.52 1.10 0.10 2.61 0.19 0.32 0.04 0.73 0.04 

26 U4 U4.4 9 178 73.34 2.80 15.42 1.61 3.03 0.23 3.17 0.20 2.86 0.44 2.81 0.22 0.32 0.05 0.84 0.07 

27 U4 U4.5 4 171 74.12 1.55 14.02 0.32 3.48 0.13 3.90 0.13 2.07 0.18 2.85 0.07 0.32 0.03 0.76 0.03 

28 FLD18 FLD18.3 9 166 74.38 1.42 13.75 0.25 2.63 0.13 3.26 0.11 2.40 0.14 2.79 0.11 0.33 0.04 0.56 0.04 

29 FLD4.4 FLD4.4.2 12 163 69.84 1.32 16.96 1.28 2.38 0.08 2.84 0.18 2.41 0.19 3.25 0.14 0.42 0.05 0.80 0.05 

30 FLD14 FLD14.1 7 157 73.23 1.87 12.18 0.27 2.94 0.58 4.19 0.12 2.93 0.19 2.48 0.06 0.27 0.02 0.61 0.16 

31 U4 U4.6 5 154 74.42 1.53 14.67 1.08 2.89 0.10 3.36 0.14 2.13 0.25 2.95 0.06 0.36 0.02 0.86 0.04 

32 U3 U3.5 7 146 74.12 0.94 13.62 0.22 3.23 0.05 3.79 0.06 2.67 0.04 2.75 0.05 0.31 0.02 0.88 0.02 

33 FLD17 FLD17.tail 6 143 74.67 0.90 12.73 0.39 3.48 0.11 3.90 0.06 2.54 0.35 2.87 0.13 0.29 0.02 0.61 0.05 

34 U3 U3.1 7 134 73.29 1.90 13.83 0.70 2.40 0.17 3.25 0.09 3.31 0.22 2.91 0.11 0.31 0.03 0.64 0.10 

35 U3 U3.4 6 125 75.18 0.96 13.51 0.56 3.19 0.18 3.80 0.07 2.63 0.13 2.88 0.09 0.33 0.03 0.86 0.02 

36 FLD18 FLD18.2 28 124 74.85 1.38 13.98 0.48 2.29 0.68 3.85 0.17 1.71 0.36 2.62 0.24 0.33 0.03 0.70 0.15 

37 FLD17 FLD17.int.l 6 111 77.00 1.16 12.72 0.61 3.01 0.08 3.70 0.03 1.95 0.09 2.70 0.08 0.29 0.02 0.56 0.03 

38 AE.C C3 4 106 73.51 1.35 11.29 0.59 5.00 1.05 5.42 0.07 1.72 0.12 2.29 0.06 0.24 0.02 0.47 0.03 

39 U1B U1B.2 9 84 73.02 1.29 12.19 1.59 3.97 0.91 4.58 0.34 1.06 0.29 2.78 0.60 0.31 0.03 0.46 0.05 

40 AA.B B2 4 70 72.63 1.30 13.61 0.54 3.56 0.73 4.19 0.06 2.38 0.14 2.43 0.06 0.24 0.06 0.77 0.10 
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41 FLD4.3 FLD4.3.4 4 70 74.87 0.60 13.81 0.73 

42 FLD17 FLD17.int.2 4 62 75.32 0.59 13.76 0.13 

43 FLD18 FLD18.1 5 60 73.75 0.81 13.79 0.82 

44 FLD23 FLD23.5.1 4 60 73.85 0.47 13.68 0.24 

45 FLD4.3 FLD4.3.3 3 53 78.74 0.48 10.31 0.38 

46 FLD23 FLD23.1.2 3 47 75.78 0.45 13.97 0.24 

47 FLD23 FLD23.1.3 3 47 76.47 2.49 14.06 0.27 

48 FLD23 FLD23.1.1 3 46 75.39 0.87 14.04 0.14 

49 FLD4.3 FLD4.3.UA 4 46 72.50 0.80 13.94 0.98 

50 FLD23 FLD23.4.2 6 43 74.08 0.74 13.74 0.52 

51 FLD23 FLD23.4.1 5 42 74.79 0.60 13.78 0.07 

52 FLD4.3 FLD4.3.2 3 41 78.04 0.87 10.43 0.51 

53 FLD4.3 FLD4.3.5 2 41 71.51 0.66 15.99 0.53 

54 FLD23 FLD23.3.1 4 40 74.75 0.82 14.07 0.22 

55 FLD4.3 FLD4.3.1 3 39 76.34 2.10 11.96 0.33 

56 FLD23 FLD23.2.2 4 31 76.18 1.20 14.16 0.37 

57 FLD23 FLD23.2.1 2 21 77.03 0.51 14.25 0.15 

58 FLD23 FLD23.3.2 2 17 74.98 0.90 13.56 0.63 


3.02 0.19 3.85 0.04 1.28 0.03 3.02 0.19 0.47 0.03 1.09 0.03 

2.77 0.06 4.00 0.05 3.04 0.09 2.72 0.07 0.31 0.03 0.84 0.03 

2.86 0.30 3.72 0.24 2.80 0.17 2.83 0.06 0.31 0.02 0.71 0.17 

2.81 0.11 3.79 0.07 2.39 0.16 2.58 0.09 0.30 0.03 0.56 0.06 

1.65 0.17 3.60 0.07 1.01 0.08 2.76 0.10 0.29 0.04 0.42 0.03 

1.96 0.08 3.78 0.08 2.29 0.15 2.72 0.06 0.33 0.04 0.58 0.03 

2.06 0.24 3.74 0.13 2.17 0.29 2.73 0.14 0.34 0.03 0.61 0.04 

1.95 0.17 3.71 0.04 2.58 0.09 2.64 0.07 0.34 0.02 0.58 0.02 

1.80 0.03 3.60 0.17 1.79 0.09 2.91 0.19 0.37 0.03 0.90 0.20 

3.02 0.13 3.99 0.07 2.17 0.21 2.68 0.11 0.32 0.02 0.62 0.06 

2.77 0.16 3.82 0.15 2.24 0.06 2.61 0.02 0.31 0.03 0.61 0.01 

1.64 0.17 3.56 0.06 1.27 0.09 2.75 0.08 0.30 0.01 0.48 0.02 

3.20 0.31 3.92 0.01 1.77 0.12 3.03 0.01 0.54 0.00 1.06 0.02 

2.42 0.22 3.73 0.04 2.31 0.12 2.70 0.02 0.33 0.04 0.62 0.01 

1.77 0.18 3.85 0.05 1.04 0.08 2.92 0.12 0.38 0.05 0.54 0.01 

2.08 0.34 3.76 0.03 2.38 0.11 2.71 0.07 0.34 0.03 0.61 0.04 

1.84 0.16 3.76 0.05 2.37 0.19 2.66 0.02 0.33 0.05 0.61 0.04 

2.59 0.01 3.99 0.06 2.25 0.26 2.71 0.07 0.30 0.00 0.58 0.05 
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Deviations of agglomerate compositions from their host objects 

Earlier work (Lewis et al. (2015)) suggested that fallout glasses may form in disparate parts 
of fireball, based on the observations that each object incorporated a different mixture of soil 
and bomb vapor [60]. A more appropriate basis for understanding formation relationships 
is to compare the major element composition of agglomerates directly to the hosts they are 
attached to, as at some point, it is evident that the two objects were in close proximity when 
still molten. 

While individual agglomerates may show large deviations from the composition of the 
host to which they are attached, collectively, the median agglomerate composition deviation 
from the median of its host object composition is close to 0 (Figure 4.14 and Table 4.9). 
MgO has the greatest median deviation at +10.4%, followed by CaO at +6.1%. The median 
deviation of agglomerates suggests a slight overall enrichment of agglomerates in so-called 
“refractory” oxides (CaO, Ti0 2 , and A1 2 0 3 ) and “moderately volatile” species (Si0 2 , FeO, 
and MgO) relative to “volatile” species (Na 2 0, and K 2 0) [102]. The alkali oxides are the only 
major element oxides where agglomerates have median deviations from their host objects 
of less than zero. Na 2 0 and K 2 0 have median deviations of -3.61% and -1.14%, respec¬ 
tively. This is discussed further below when analyzing agglomerate and host compositions 
for volatile loss. 
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Figure 4.14: Histograms (bin width = 10%) showing the percent deviation of the average composition of 
each of the 58 agglomerates from their respective average host compositions. The vertical red line denotes 
the median deviation in each panel. The dashed vertical line denotes 0% deviation. While there are large 
deviations across the agglomerate population, the median values for each major element oxide are close to 0, 
with MgO having the greatest average deviation of +10.4% and CaO having the next greatest deviation at 
+6.1%. Medians are used instead of means to minimize the influence of outliers on the overall compositional 
deviation. Data are tabulated in Table 4.9. 

















































Table 4.9: Percent deviation of average agglomerate compositions (Table 4.8) from the average compositions of their host objects for 15 
samples (Table 4.6). 


Host Agglomerate SiC>2 dev. AI2O3 dev. Na20 dev. K 2 0 dev. CaO dev. FeO dev. TiC>2 dev. MgO dev. 


2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 


AA.B 

AE.C 

AG. D 

AH. E 

FLD10 

FLD14 

FLD17 


FLD18 

FLD21 

FLD23 


FLD4.3 


B1 

B2 

B3 

Cl 

C2 

C3 

C4 

D1 

D2 

El 

E2 

FLD10.L 

FLD14.1 

FLD14.L 

FLD17.1 

FLD17.2 

FLD17.int.l 

FLD17.int.2 

FLD17.tail 

FLD18.1 

FLD18.2 

FLD18.3 

FLD18.4 

FLD21.1 

FLD21.L 

FLD23.1.1 

FLD23.1.2 

FLD23.1.3 

FLD23.2.1 

FLD23.2.2 

FLD23.3.1 

FLD23.3.2 

FLD23.4.1 

FLD23.4.2 

FLD23.5.1 

FLD23.L 

FLD4.3.1 

FLD4.3.2 

FLD4.3.3 

FLD4.3.4 

FLD4.3.5 


0.75 


3.87 


1.44 


2.60 

3.11 

2.54 

3.85 

0.71 


1.43 

0.80 

2.10 


-1.18 


1.09 

2.01 

2.76 

1.62 

-0.28 

0.02 

0.57 

1.09 

4.40 

-0.29 

6.45 

8.82 


2.14 

7.51 

9.58 

8.70 


1.00 

2.34 

-0.66 

0.29 

5.06 


-3.17 

-8.23 


3.65 

2.61 

4.02 

2.31 

-2.09 

3.60 

12.93 

20.17 

19.82 
19.29 

21.82 
22.61 
24.27 
23.48 
22.70 
18.25 
22.43 


13.66 

-14.98 

-25.86 


-3.61 -1.14 6.09 

12.28 4.05 37.02 

11.69 2.34 42.85 

5.19 19.12 38.77 

18.03 8.60 18.84 

-18.33 -20.64 85.56 

28.01 33.17 19.54 

10.35 1.23 48.03 

32.79 22.97 -23.80 

13.24 -0.77 -6.05 

-12.57 -13.30 64.11 

13.16 21.11 -9.74 

-19.49 -9.05 69.69 

2.75 2.37 -2.50 

1.03 25.05 -12.37 

3.77 -3.07 23.30 

-3.77 -7.09 -4.10 

-8.90 -12.36 28.44 

-9.20 -7.09 -16.52 

4.98 -2.06 8.74 

-0.97 -5.93 6.38 

-8.64 -1.98 16.81 

-26.85 1.44 -28.66 

-15.99 -14.10 0.13 

-7.58 -5.50 -5.88 

-17.33 -18.59 23.96 

-3.91 -5.04 55.08 

29.84 7.96 16.57 

41.56 12.77 12.92 

31.71 7.11 24.37 

-8.13 6.83 19.17 

-3.44 5.70 12.92 

-13.75 6.27 23.33 

-2.50 6.27 23.85 

13.43 5.42 20.21 

21.40 12.77 17.09 

-8.60 4.85 34.26 

-44.07 -10.24 5.80 

-6.16 -4.00 -24.35 

-0.57 -2.26 4.62 

-45.00 -4.00 -38.53 

-49.04 -11.23 -24.94 


0.33 3.39 10.43 

3.03 1.16 11.15 

7.95 8.65 15.66 

-0.26 -10.08 15.66 

-5.75 11.92 3.75 

-3.57 -14.42 5.57 

-16.67 -21.00 -14.45 

-1.02 2.04 12.85 

-5.48 -8.88 -9.59 

2.36 16.26 14.62 

-6.61 -13.63 1.43 

-13.87 -10.84 -3.84 

0.43 9.84 30.63 

-4.63 16.25 11.79 

-10.41 8.23 0.29 

-1.99 -16.93 -11.57 

4.65 4.74 -6.66 

1.33 4.74 -5.02 

-0.51 4.74 -8.30 

5.75 4.74 -0.11 

-0.08 0.83 -17.17 

2.08 -5.28 -0.33 

-5.50 0.83 -1.73 

0.64 0.83 -21.38 

4.48 11.91 -6.87 

2.17 -9.75 -13.82 

9.63 4.80 9.71 

9.63 16.03 21.68 

12.57 19.77 23.67 

8.37 12.28 11.70 

14.25 23.51 15.69 

14.67 27.26 21.68 

11.73 23.51 21.68 

13.83 27.26 21.68 

13.41 23.51 23.67 

13.83 12.28 15.69 

10.89 27.26 15.69 

-6.39 -2.21 9.31 

-2.85 24.22 32.39 

-2.53 42.73 28.75 

-6.07 0.44 -34.41 

-11.53 -20.71 -41.70 
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43 FLD4.3.UA 

44 FLD4.4 FLD4.4.1 

45 FLD4.4.2 

46 U1B U1B.2 

47 U1B.L 

48 U3 U3.1 

49 U3.2 

50 U3.3 

51 U3.4 

52 U3.5 

53 U4 U4.1 

54 U4.2 

55 U4.3 

56 U4.4 

57 U4.5 

58 U4.6 

59 U4.7 


9.79 -26.71 

-6.24 25.85 

-2.80 22.14 

-1.67 14.29 

0.50 -10.69 

2.42 1.75 

-0.16 4.16 

1.51 1.07 

0.97 2.58 

1.56 -2.77 

4.15 -11.87 
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4.7 Comparing fallout to proximate soil and 
unmelted/partially-melted rock 

The composition of fallout from this event has been shown to be representative of local soil, 
which is unsurprising since local soils can generally donate the majority of mass interacting 
with a fireball in near-surface events [57, 60, 67]. As shown in Table 1.1, the estimated 
mass of soil melted or vaporized in near surface tests ranges from ~160-250 T of soil melted 
and vaporized per kT of device yield. To understand the formation of glassy fallout, an 
understanding of the composition of rocks and minerals in soil proximate to the event is 
important. This enables an understanding of which compositions can be explained by the 
simple melting and mixing of rocks and minerals in the soil and which compositions require 
additional, potentially anthropogenic components to explain their compositions. 

Proximate soil collections and analyses 

Several sediment samples were collected proximate to ground zero and away from the ra¬ 
dioactive plume’s direction of travel. Previously characterized aliquots of soil show that the 
sediment is consistent with being rhyolitic (igneous-derived sediment with <T0 wt.% Si0 2 ), 
and primarily contains quartz, plagioclase feldspars, and alkali feldspars [57, 100]. 7 Plagio- 
clase feldspars are minerals that range in composition from albite (NaAlSi 3 0 8 ) to anorthite 
(CaAl 2 Si 2 0 8 ). The alkali feldspars are minerals that range in composition from anorthite to 
orthoclase (KAlSi 3 0 8 ), the potassium feldspar endmember. There are no natural feldspar 
minerals with compositions between orthoclase and anorthite. 

For this study, sediment was also analyzed using EDS raster analyses and compositional 
X-ray maps to target and identify mineral compositions. Similar to the methods used glassy 
fallout, the unmelted sediment was mounted in epoxy and polished flat. SEM/EDS was then 
used to analyze the composition of several of the minerals in the sediment and characterize 
their morphology. Combined with compositional X-ray mapping, SEM/EDS analyses helped 
to identify mineral phases (Figure 4.15). As with other EDS analyses, only those analyses 
with sum totals between 96 and 104 were retained. In these sediments, much of the soil 
is porous, silty, and readily disintegrates when interrogated with a high energy electron 
beam. Because of this, out of 345 total EDS raster analyses of the soil, only 192 had sum 
totals between 96 and 104 and were retained. As a result, these soil analyses may not fully 
represent compositions that exist in the soils as carbonates, clays, or other sediments that 
easily volatilize or disintegrate under a focused electron beam. 

7 The aliquots of soil were analyzed using ICP-MS, which, due to the dissolution procedure cannot measure 
SiO-2 directly. Si0 2 concentrations was calculated by difference the ICP-MS analyses and confirmed with 
EDS. 





CHAPTER 4. MAJOR ELEMENT COMPOSITIONS OF FALLOUT 


119 



Figure 4.15: Compositional maps of a portion of sediment.The largest phases are tentatively identified based 
on composition. The porous, fine grained matrix contains many smaller minerals that are relatively enriched 
in Si, Al, Ca, and Fe. 
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Partially-melted/unmelted regions in fallout samples 

Several samples such as FLD3.2, FLD9, FLD10, FLD11 contain large partially-melted or 
unmelted regions that appear to retain and preserve precursor soil (Figure 4.16). In one 
of these samples, FLD10, EDS raster analyses collected across the partially-melted and 
unmelted regions have been separated from those analyses in the glassy phases (using BSE 
and compositional maps as a guide) to highlight compositional similarities and differences. 
The glassy region appears primarily on the sample’s surface and transitions to a partially- 
melted region, then to an unmelted region at the sample’s interior. This sequence suggests 
the millimeter-scale rock was externally-heated. Autoradiography shows activity only in the 
glassy outer portions of the sample (Figure 2.13). 

The glassy region, as seen in the Si compositional X-ray map (Figure 4.16), shows compo¬ 
sitional flow-banding, diffuse compositional heterogeneities, and few vesicles. The partially- 
melted region also shows some flow-banding and deformation of some minerals, but in con¬ 
trast to the glassy region, contains many Si0 2 regions with diffuse boundaries, consistent 
with partially-melted and/or relict quartz. While all the other mineral compositions appear 
to have been melted and begun to mix, the quartz grains in this intermediate region are 
incompletely melted, suggesting that this region was heated to at least the melting points of 
quartz, but did not sustain these temperatures for long enough to completely melt the quartz 
grains. The large number of vesicles, as noted in other studies (e.g., [66]) suggest out-gassing 
of volatile species during the rapid heating and cooling. The glassy region in FLD10 does 
not show the same vesicularity as the partially-melted region. One explanation may be that 
the sample was heated to high enough temperatures to allow volatilized gases to escape. In 
contrast, the partially-melted region in FLD10 may have remained relatively cool, highly 
viscous, trapping gases as they volatilized. The unmelted region of FLD10 retains primarily 
mineralogic textures and vesicles. Both the glassy and partially-melted regions in FLD10 
contain radioactivity (Figure 4.16). This suggests the bomb vapor was able to condense onto 
sample FLD10 and become incorporated in both of these regions. In contrast, the unmelted 
regions contain little to no activity. 

Higher magnification compositional maps in FLD10 (Figure 4.17) show that the transition 
from unmelted to partially-melted to glassy regions in sample FLD10 is continuous.The 
unmelted region begins in the top right of each panel of Figure 4.17, transitions to partially- 
melted in the center of each panel, and finally glassy in the bottom left of each panel. In 
the top right, the Si compositional map shows regular, euhedral Si0 2 -rich regions, likely 
quartz. The A1 and Na concentrations are correlated in locations in this region, and retain 
euhedral boundaries as well, suggestive of alkali feldspars. In the partially-melted region, 
which occurs about halfway between the top right and bottom left corners, the Si-rich regions 
retain a mixture of angular and diffuse boundaries that are stretched in the direction of the 
compositionally heterogeneous flow-banding, transverse to the unmelted region. This region 
must have experienced temperatures at or exceeding 2000 K, the approximate melting point 
of quartz [46]. The bright flowbands in the partially-melted regions visible in the BSE image, 
Ca X-ray map, and partially in the Fe X-ray map appear to emanate from the diffuse Ca 
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Figure 4.16: Si compositional maps showing regions in FLD10 that transition from unmelted to glassy. Inset 
Si X-ray map locations are shown by the green and white boxes in the BSE image, optical image, and 
autoradiograph. The scale bar corresponds to both inset Si maps. Both the glassy and partially-melted 
regions contain radioactivity, while the unmelted region contains no radioactivity. 


and Fe regions, visible near the bottom right of the Ca X-ray map and in the center of 
the Fe X-ray map, respectively. The Ca and Fe-rich flow bands then flow into and become 
incorporated into the glassy region. Melting minerals to high temperatures (and low enough 
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viscosity) allows the compositions mix well, forming a glassy phase that reflects the average 
major element composition of the multi-mineralic precursor. 

No compositional interfaces are observed in the A1 and Si panels. This bolsters the argu¬ 
ment that the Si and A1 compositional interfaces used to identify agglomerates (particularly 
those fully incorporated into host objects) are not formed from compositional heterogeneities 
in the melt or convective patterns of minerals melting in place and then experiencing bulk 
flow. Instead, these compositional boundaries may result from some other process due to ag¬ 
glomeration. The origin of compositional boundaries between agglomerates and host objects 
will be further explored in Chapter 8 . 

Host and agglomerate compositions compared to soil 
measurements and partially-melted/unmelted fallout compositions 

The composition of glassy fallout has previously been observed to primarily reflect a mixture 
of lithologies found in the surrounding soil [57, 60]. To better establish the relationship of 
the composition of glassy fallout with that of the surrounding soil, EDS raster measurements 
of soil grains and the partially-melted and unmelted regions of sample FLD10 are compared 
with host object and agglomerate compositions using different pairs of major element oxides 
(Figures 4.18, 4.20, and 4.19). Each of these plots shows two panels, with the left panel 
overlaying the host object compositions (n = 3,698), the agglomerate compositions (n = 
679), the soil compositions (n = 192), and compositional measurements on FLD10 performed 
on the partially-melted/unmelted region (n = 168). 8 The right panel shows these same 
data points as transparent black circles, to highlight the density of measured compositions 
and shows clustering and overlap of compositions. The right panel also shows the relative 
location for quartz and feldspar endmembers (orthoclase, albite, and anorthite), as well as 
and outlying soil, agglomerate, and host compositions representative of mineral types as 
measured by EDS. 

The compositional groups defined by these data include: 

• Quartz-like, classified based on its high silica content: >90 wt.% Si0 2 

• Mafic, classified based on its high CaO, high FeO, and high MgO content: CaO > 8 
wt.%, FeO > 5 wt.%, and MgO > 2 wt.% 

• Felsic, classified based on its high AI 2 O 3 and high alkali or CaO content (feldspar-like): 
A1 2 0 3 > 20 wt.% and Na 2 0 + K 2 0 > 10 wt.% or CaO > 5 wt.% 

A1 2 0 3 vs. Si0 2 

A1 2 0 3 and Si0 2 are the two most abundant oxides in these fallout samples. Plotting the 
A1 2 0 3 and Si0 2 compositional relationships of the host objects, agglomerates, soil, and 

8 Data are tabulated in Appendices B and C. 
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Figure 4.17: A BSE image and corresponding Si, Al, Na, Ca, and Fe compositional X-ray maps of a region 
on sample FLD10 showing an unmelted to glassy transition. In the unmelted region (top right corner of each 
panel), minerals in the Si compositional map retain sharp boundaries and are fairly evenly distributed. In the 
partially-melted region (center of each panel) the boundaries of Si02-rich objects become diffuse. Composi¬ 
tional flow-banding (visible in the Ca compositional X-ray map) indicates the viscous flow of partially-melted 
minerals. The glassy region (bottom left of each panel), is compositionally well-mixed. The flow-banding 
direction in the glassy and partially-melted regions run transverse to the unmelted boundary. Compositional 
interfaces, such as those used to identify agglomerates, are absent. 
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partially-melted/unmelted compositions in FLD10 shows that the majority of these compo¬ 
sitions plot in a narrow band extending from quartz-like compositions along a line through or- 
thoclase and albite endmembers and towards anorthite (Figure 4.18). The soil and partially- 
melted/unmelted compositions on FLD10 appear to overlap the host object and agglomerate 
measurements because feldspar endmembers plot along a single band from a high Si0 2 , low 
A1 2 0 3 composition to low Si0 2 , high A1 2 0 3 compositions. Measured compositions that plot 
towards low Si0 2 and A1 2 0 3 values include the mafic component and a few other anomalous 
compositions that are enriched in FeO and Ti0 2 . Fewer than 20 analyses represent this 
mafic composition, a minor component of the composition expressed in fallout (comprising 
less than 0.5% of the total number of EDS measurements). The majority of fallout composi¬ 
tions are consistent with a mixing between felsic and quartz minerals, with a small number of 
anomalous compositions. However, the majority of measurements (right panel, Figure 4.18) 
show a tightly clustered composition, reflective of the general compositional homogeneity of 
this glassy fallout population. 
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Figure 4.18: Bivariate plot of AI2O3 vs. SiO-2 showing EDS analyses of host objects, agglomerates, unmelted 
soil, and partially-melted/unmelted compositions from sample FLD10 (left panel) and a density plot of 
these same analyses with outlying compositions and feldspar and quartz endmembers marked (right panel). 
All of the agglomerate measurements and the majority of host, soil, and partially-melted/unmelted FLD10 
measurements lie on a mixing line between quartz (100% Si0 2 ) and an Al-rich, Si-poor composition, likely 
feldspars. Soil and partially-melted/unmelted compositions in FLD10 appear to overlap the host and ag¬ 
glomerate compositions because the feldspar endmembers plot along a single band between anorthite and 
quartz. While the majority of compositions are densely clustered, reflective of a high degree of composi¬ 
tional homogeneity, the high density region is again stretched between the feldspar endmembers and quartz, 
suggesting mafic compositions contribute only a minor component of the precursor minerals that mixed to 
form the glassy host objects and agglomerates (right panel). Data are tabulated in Appendices B, C, and 
D. 
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CaO vs. A1 2 0 3 

Ca is one of the most variable major elements analyzed in this study (Figure 4.10). In a 
plot of CaO and A1 2 0 3 , the soil compositions define the greatest range, with all host and 
agglomerate compositions appearing as a subset (Figure 4.19). The unmelted/partially- 
melted measurements on FLD10 are confined to an even narrower range, being restricted to 
compositions with CaO <4 wt.%. This suggests that the unmelted soil preserved in FLD10 
may only contain a subset of minerals found in the precursor lithology. Alternatively, because 
the partially-melted/unmelted compositions characterized in FLD10 were part of the EDS 
rasters taken in a grid patterns and were not targeted, EDS analyses collected from fine 
grained calcic minerals may overlap other compositions, obfuscating the endmember Ca 
component. 
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Figure 4.19: Bivariate plot of CaO vs. Si0 2 showing host analyses, agglomerate analyses, soil analyses, 
and the partially-melted/unmelted compositions from sample FLD10 (left panel) and a density plot of these 
same analyses with outlying compositions and feldspar and quartz endmembers marked (right panel). All 
high Ca compositions measured in the host objects are bounded by soil compositions as well, suggesting that 
host object and agglomerate CaO and A1 2 0 3 compositions can be well explained as a mixture of minerals 
originating from the soil. Data are tabulated in Appendices B, C, and D. 


Alkalis vs. A1 2 0 3 

Comparing the alkali oxide content relative to A1 2 0 3 illustrates how the unmelted soil and 
partially-melted/unmelted region on sample FLD10 bound the host and agglomerate com¬ 
positions (Figure 4.20). The unmelted/partially-melted compositions form the edges of a 
triangle whose vertices are defined by quartz, anorthite, and orthoclase. Host object and ag¬ 
glomerate compositions occupy regions inside the triangle. The unmelted/partially-melted 
FLD10 compositions plot primarily between quartz and orthoclase, following a line that 
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intercepts the quartz end member between the orthoclase and albite endmembers, but are 
generally depleted in A1 2 0 3 relative to pure feldspar compositions. The soil compositions are 
bimodal, clustering towards quartz-like compositions, or following a trend that plots between 
anorthite (Ca-rich) and albite (Na-rich), orthoclase (K-rich) feldspars. 

The majority of host compositions form a tight cluster at in the triangle’s interior (Figure 
4.20). The agglomerate compositions span a more limited range, appearing as a subset of 
the host compositions, close to the host object mean. Only a single EDS measurement in an 
agglomerate extends towards more quartz-like compositions. The felsic compositions mostly 
plot within a triangle formed by feldspar endmembers, while mafic compositions tend to plot 
towards the quartz-like compositions, being depleted in alkalis and alumina relative to the 
bulk. 

The left panel of Figure 4.20 shows a different perspective of the soil measurements com¬ 
pared to the host and agglomerate measurements—the soil measurements and the composi¬ 
tional measurements on the partially-melted/unmelted regions of FLD10 sharply bound the 
host object and agglomerate compositions. This indicates that the major element composi¬ 
tions of the host objects have become enriched in A1 due to the addition of felsic compositions 
in to the glassy melt, or through other processes. 


4.8 Evidence for volatile loss 

When soil is swept into the fireball and heated, volatile species such as alkalis may be lost 
from the soil melt if the heating is sustained for a long enough duration. 9 Given the modeled 
and experimental determination of quenching timescales on the order of seconds in fallout, 
appreciable loss of volatile major elements is not expected [10, 44], If volatile loss occurs 
mainly from the surface of the melt, examination of host objects or agglomerates as a function 
of size may provide a method by which times and temperatures of heating may be estimated. 

To volatilize species from a silicate melt, volatiles must first migrate through the melt 
to its surface and then evaporate from the melt’s surface. In experimental studies of Na 2 0, 
among other volatile species such as C, S, and F, the rate of volatilization from the surface 
of the melt (instead of diffusion through the melt) has been shown to be the rate-limiting 
reaction and is therefore proportional to the surface area of the melt (at a given concentration 
and partial pressure above the melt) [104, 105]. The mass loss due to volatilization follows 
the expected exponential Arrhenius relationship [105]: 

a ^ = -Sh-C i -k i (T) (4.3) 

where SA is the surface area, C t is the molar concentration of species % in the melt, 
and ki(T) is the Arrhenius reaction rate: k t0 exp —E,/RT, where k i0 is the reaction rate 

Experimental work on chondrules, common features found in meteorites, suggests that temperatures of 
~1600 K need to be sustained for several minutes to evaporate an appreciable amount (~1 wt.%) of alkalis 
from the chondrule melt [103]. 
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Figure 4.20: Bivariate plots of Na 2 0 + K 2 plotted vs. A1 2 0 3 showing host analyses, agglomerate analyses, 
soil analyses, and the partially-melted/unmelted compositions from sample FLD10 (left panel) and a den¬ 
sity plot of these same analyses with outlying compositions and feldspar and quartz endmembers marked 
(right panel). Orthoclase, anorthite, and quartz form the vertices of a triangle that bound almost all mea¬ 
sured compositions. The soil analyses and partially-melted/unmelted compositions from FLD10 bound the 
agglomerate and host object analyses, which, due to mixing of mineral compositions, cluster within the 
interior of the triangle. While the soil analyses span A1 2 0 3 concentrations from 0 wt.% to ~30 wt.%, the 
partially-melted/unmelted compositions from FLD10 are restricted to A1 2 0 3 concentrations less than ~20 
wt.%, consistent with the majority of the agglomerate and host object compositions, possibly because these 
EDS raster analyses were conducted in a grid-based pattern and the rasters may have overlapped multiple 
mineral compositions. Data are tabulated in Appendices B, C, and D. 


constant, E t is the activation energy of the reaction, and R and T are the gas constant and 
temperature, respectively. Instead of the absolute mass loss rate, the mass loss rate per unit 
volume (assuming a homogeneously distributed species) can be used to compare the relative 
mass loss for melts of different sizes: 


drrii/V 

dt 




(4.4) 


The mass loss per unit volume of species i for a spherical melt is proportional to its 
surface area divided by its volume, or its inverse radius. 10 For multiple spherical melts with 
similar starting compositions, densities, and experiencing the same ambient environment for 
identical times, mass loss from volatilization between melts of two different sizes should be 
equal to the inverse ratio of their radiis. Plotting the average concentration of the alkali 
oxides versus 1/r (the inverse of an agglomerate or host object’s equivalent radii) yields no 


10 Volume is assumed constant in Eqn. 4.4 because Na 2 0 and K 2 0 are present at a few weight percent 
and only minor evaporative loss is expected for a flash heating followed by rapid quenching [106]. 
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trend suggesting volatile loss occurred (Figure 4.21). If the fireball is heterogeneous, it likely 
is too simplistic to assume these melts had identical beginning concentrations, identical 
ambient environments, or were heated to the same temperatures for the same amount of 
time. 



Type 

• Agglomerate 
■ Host 


Figure 4.21: Plots of alkali concentrations (in oxide weight %) from the average composition of hosts and 
agglomerates (taken from Tables 4.6 and 4.8) as a function of the inverse equivalent radius of the object 
(calculated from its area exposed in cross-section). Uncertainties are lcr of the mean alkali concentration for 
each object. The horizontal line and and yellow band correspond to the mean concentration of each of the 
alkali oxides in six ICP-MS dissolution analyses of bulk soil samples and lcr about this mean, respectively 
[ 100 ], 

The smallest agglomerates (d <50 fim) show a greater depletion in Na 2 0, on average, 
relative to the rest of the agglomerates and the host objects (Figure 4.21 and Table 4.10). 
However, this behavior is not mirrored in K 2 0 concentration relationships. If agglomerates 
with d < 50 /irn are excluded, the calculated mean Na 2 0 concentration increases from 2.88 
wt.% to 3.06 wt.%, which more closely mirrors the average host and bulk fallout Na 2 0 con¬ 
centrations of 3.13 and 3.17 wt.%, respectively. The agglomerates with diameters < 50 jum 
are from two samples: FLD23 and FLD4.3. There are nine agglomerates characterized in 
FLD23 with equivalent diameters less than 50 jum and they have an average Na 2 0 concen¬ 
tration of 2.29 ± 0.42 wt.%, which is greater than the average Na 2 0 content of the host 
sample FLD23 of 2.13 ± 0.58 (mean ± lcr). The other four agglomerates with equivalent 
diameters less than 50 /irn are incorporated into FLD4.3. Their average Na 2 0 concentration 
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Table 4.10: Mean and standard deviations of bulk soil analyses (ICP-MS; data from [100]), average compo¬ 
sitions of entire hosts, agglomerates, and agglomerates greater and less than 50 /xm in diameter (EDS). 


Na 2 0 (wt.%) K 2 0 (wt.%) 



Mean 

la 

Mean 

la 

Bulk soil (n=6) 

3.59 

0.43 

4.52 

0.41 

Host and agglomerates (n=95) 

2.97 

0.65 

3.74 

0.49 

Hosts (n=37) 

3.13 

0.43 

3.80 

0.55 

Agglomerates (n=58) 

2.88 

0.74 

3.70 

0.45 

Agglomerates >50 /xm (n=45) 

3.06 

0.69 

3.67 

0.50 

Agglomerates <50 /xm (n=13) 

2.24 

0.51 

3.79 

0.13 


is 2.10 ± 0.74 (mean ± la), which is almost 30% less than the average Na 2 0 content of the 
host object FLD4.3 (3.22 ± 0.47 wt.%). Three of the four characterized agglomerates from 
FLD4.3 have a Na 2 0 concentration of 1.80 wt.% or below (las for these agglomerates are 
all less than 0.20 wt.% absolute; Table 4.8). 

Ultimately, these data show no systematic volatile loss as a function of agglomerate or 
host object size. The agglomerates less than 50 /xm in FLD23 actually have a higher average 
Na 2 0 content than the host FLD23, and one out of the four agglomerates less than 50 /jm 
characterized in sample FLD4.3 has a comparable Na 2 0 concentration to the host. U content 
may help distinguish to what extent these objects interacted with the ambient environment 
(the fireball), and whether agglomerates depleted in alkalis are unique only in their Na 2 0 
composition or if this relates to the degree with their incorporation of bomb vapor as well 
(discussed in Chapter 5). 


4.9 Conclusion 

EDS compositional analyses of host objects and agglomerates reveal several conclusions. 
First, from the EDS host analyses in 37 samples, fallout from this test is compositionally 
homogeneous (Figure 4.10). Most major element oxides resemble unimodal distributions with 
well-defined average compositions standard deviations less than 30% for all measured oxides 
except CaO, Ti0 2 , and MgO. However, fallout also contains unmelted and partially-melted 
compositions, which contribute to the tailing of the distributions shown in Figure 4.10. The 
transition from an unmelted to a partially-melted to a glassy composition is demonstrated 
in sample FLD10 (Figure 4.17), consistent with a rock heated from the exterior. Analysis of 
regions using ~ 10-15 /irn EDS rasters reveals compositions spanning a much wider range than 
those obtained through bulk dissolution analyses, which homogenize regions of compositional 
heterogeneity in the fallout glasses. The high CaO 1RSD and multi-modal nature of the KDE 
of CaO suggests CaO is highly heterogeneous and points towards multiple major sources of 
CaO being incorporated into fallout. While Weisz (2016) hypothesized there may be an 
anthropogenic source of CaO, such as concrete, comparing CaO compositions in fallout to 
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CaO compositions in unmelted soil shows that the unmelted soil compositions bound the 
glassy fallout compositions (Figure 4.19), indicating the CaO in glassy fallout from this test 
is consistent with a mixture of mineral compositions in the surrounding lithology. 

The 58 agglomerates incorporated onto or into host objects in 15 samples characterized by 
EDS resemble the host compositions, but span a more restricted range for each major element 
oxide. These data indicate that as a separate population, agglomerates tend to be more well- 
mixed than hosts. This observation is supported by BSE images and compositional X-ray 
maps of agglomerates, which show they tend to exhibit few unmelted or partially-melted 
textures and were thoroughly melted by the blast (Figure 4.13). The median deviations in 
mean major element compositions between agglomerates and their host objects are small, 
with MgO having the greatest median deviation of +10.4%, followed by CaO at +6.1%. 
These deviations suggest that statistically, agglomerates do not grossly deviate from the 
hosts to which they are attached, indicating a local scale homogeneity of the carrier material 
in the fireball. 

EDS analyses of unmelted sediment collected near ground zero show that compositions 
bound the host and agglomerate compositions. The host object and agglomerate major 
element compositions are consistent with the melting and mixing of minerals from the sur¬ 
rounding lithology. These fallout compositions primarily span the range from quartz-like to 
felsic with a small number of mafic compositions and other anomalous compositions identified 
(primarily high FeO/Ti0 2 measurements). 

Sample FLD10 retains an unmelted/rocky interior (Figures 4.16 and 4.17), which tran¬ 
sitions to a partially-melted region, and finally to a glassy region towards the sample’s pe¬ 
riphery. The transition occurs over ~100 /jrn. This transition of textures and compositions 
indicates exterior heating, which melted the surface of the rock, and subsequently heated the 
rock towards the center. The heating was sufficient to completely melt some minerals and 
partially-melt others, but the interior remained comparatively cool and unmelted. The tran¬ 
sitions between these regions are continuous and show no compositional interfaces like those 
used to identify agglomerates (local A1 2 0 3 depletions and either Si0 2 or CaO/MgO/FeO 
enrichments; Chapter 3), strengthening the hypothesis that compositional interfaces are a 
product of the agglomeration process rather than flow-banding, compositional heterogene¬ 
ity, or simply minerals melting in place. In FLD10, partially-melted regions contain some 
radioactivity. While these regions were not as thoroughly heated as the fully melted regions 
(but still reached temperatures of at least the melting point of quartz, ~2000 K), bomb 
vapor either diffusively or convectively mixed into these regions. 

There no evidence for systematic volatile loss among hosts or agglomerates as a function of 
an object’s surface area, as might be expected when externally heating a melt (Figure 4.21). 
This could reflect the limited heating duration (on the order of seconds) or be complicated 
by the thermal heterogeneities of the fireball or by variable residence times of the melts in 
the fireball. [10, 44]. 

As two separate populations, the major element compositions of hosts and agglomerates 
are remarkably similar to each other, indicating a generally similar precursor carrier melt. 
In particular, the surprising compositional similarity of agglomerates relative to their hosts 
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indicates a local scale major element homogeneity. However, What is not clear is whether 
the host objects and their associated agglomerates experienced a similar or different vapor 
environment in the fireball. To address this question, the next chapter focuses on U isotope 
measurements (as a proxy for the bomb vapor) in both populations to analyze differences 
and similarities in carrier melt-bomb vapor interactions between agglomerates and their host 
objects. 
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Chapter 5 

Bomb Vapor Contributions to Fallout 


5.1 Chapter overview 

In Chapter 4, the major element compositions of host objects and agglomerates were com¬ 
pared, revealing that agglomerate compositions are a subset of host compositions, and the 
major element compositions of both host objects and agglomerates are consistent with the 
mixing of minerals present in the local lithology. In this chapter, differences in incorpora¬ 
tion of bomb vapor into agglomerates and host objects is measured and discussed, using 
unfissioned U fuel ( 235 U) as a proxy. Using secondary ion mass spectrometry, the U isotopic 
composition (the 235 U/ 238 U composition) of host objects and agglomerates are quantified 
and compared. Possible scenarios that could lead to different U incorporation among ag¬ 
glomerates, depending on their location of attachment (exterior, surface, or interior) are also 
discussed. 

To characterize the U content in agglomerates and hosts, present at concentrations of 
<100 ppm, an analytical technique more sensitive than EDS or EPMA, but with comparable 
spatial resolution, must be used. Secondary ion mass spectrometry was used to measure 
two U isotopes, 235 U and 238 U, at locations within the glassy regions of 14 glassy fallout 
samples. All 323 measured 235 U/ 238 U ratios are greater than natural ( 235 U/ 238 U w 0.00725), 
showing that all glassy regions of fallout volumetrically incorporated some amount of enriched 
U. The magnitude of ratios between different regions, such as agglomerates and hosts, or 
regions of different compositions within single samples, highlights differential incorporation 
of unfissioned U from the device, and therefore, bomb vapor from the fireball. A systematic 
enrichment or depletion in the 235 U/ 238 U ratio between the agglomerates and host objects 
would suggest different fireball and formation conditions between the two, potentially in 
time or local fireball environment, which could elucidate the deviations between theory and 
experiment noted in Chapter 1. 

In Chapter 4, no systematic difference was found in the major element composition 
between agglomerates and host objects. Agglomerate compositions appear to be a subset 
of host compositions, spanning a more restricted compositional range, and exhibiting few 
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partially-melted/unmelted regions. Similar to major element compositions in Chapter 4, 
the U isotope data of agglomerates and host objects to bound host object relationships with 
their associated agglomerates and generalize the interfaces of the two population with fireball 
vapor. 


5.2 Secondary ion mass spectrometry 

Secondary ion mass spectrometry (SIMS) is an analytical technique that can provide in situ 
isotopic and compositional information at a spatial resolution of 10 jum and below, with 
sub-ppm sensitivities for most elements. The technique is ideal for measuring ppm levels of 
residual fuel in these glassy fallout samples, where the scale of compositional heterogeneity 
and the dimensions of some of the agglomerates approaches ~10 /mi (Figure 3.7) [60]. 

SIMS is a quasi-destructive analytical technique. A primary ion beam, generated in an 
ion source and accelerated to rTO keV energies, sputters the surface of the sample. During 
sputtering, atoms from the sample are liberated from the sample surface. The majority 
of these atoms remain neutral, but a small percentage, typically 1-2%, depending on the 
element, are liberated as ions. These ions, called “secondary ions”, are then extracted into 
the mass spectrometer for analysis. All three SIMS instruments used in this dissertation 
(discussed below) are double-focusing magnetic sector mass spectrometers, meaning the sec¬ 
ondary ion beam is sorted by both energy and momentum before ions are detected and 
counted. Ions are detected using either current or pulse counting techniques, creating a 
mass spectrum (counts as a function of mass), 2D ion image (rastered beam, detected as a 
function of position), and/or a depth profile (raster or spot collected as a function of time) 
(Figure 5.1). The simplest SIMS instruments are made with a single detector, and can only 
detect a single mass at a time, so the magnetic field must be changed to direct ions of a 
different mass into the detector. More complex SIMS instruments use several detectors to 
count ions from different masses simultaneously while the magnetic held remains static. 

Instruments 

The fallout samples in this study were characterized over five years using three different SIMS 
instruments: an IMS-3f (at LLNL), IMS-1280 (at LANL), and NanoSIMS (at LLNL), all 
manufactured by CAMECA. Of the three, the IMS-3f is the simplest and most representative 
of the SIMS diagram in Figure 5.1. The IMS-1280 is an evolution of the IMS-3f that includes 
a larger geometry magnet for improved mass resolution and a multi-collector system that 
can analyze five masses simultaneously. Finally, the NanoSIMS, which was used to collect 
ion images, uses a novel plasma ion source and unique geometry to achieve nanometer- 
scale spatial resolution (if desired). Most samples were characterized using SIMS in a single 
analytical session using a single instrument. However, several samples were analyzed in 
multiple analytical sessions, using two or three instruments (Table 5.1). The operating 
conditions for each instrument are discussed below. 
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Figure 5.1: A schematic of a double-focusing SIMS instrument with a single detector. Two of the instruments 
in this study, the CAMECA NanoSIMS and the CAMECA IMS-1280, use multiple detectors that collect 
ions simultaneously. Adapted from [107]. 


SIMS analyses of samples 
The primary beam 

O - ions were used as the primary beam for all instruments and analytical sessions in this 
study. While O 2 " creates a higher secondary ion yield for U + and UO + ions (by a factor of 
~2), O - is typically used when analyzing insulating samples to neutralize positive charge 
build-up in the analysis crater [108]. In addition, in the NanoSIMS, the primary ion beam 
must be opposite in polarity to the secondary ion beam because of its unique co-axial extrac¬ 
tion system where the primary beam enters and the secondary beam is extracted through 
the same aperture, which sits just above the sample surface. 

The ion source 

The CAMECA IMS-3f and IMS-1280 use a duoplasmatron to generate O - ions for the 
primary ion beam. The duoplasmatron has been the standard ion source since the 1960s for 
producing beams from gases, as it can efficiently produce ions from gases in either polarity. 
In addition, the user has their choice of using monomers, dimers, and other molecules ( e.g ., 
CO 2 ) for the primary beam. In SIMS, duoplasmatrons are most frequently used to create 
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Table 5.1: SIMS analysis campaigns (instrument and year) sorted by host object. Designations in bold 
were analysis campaigns that specifically targeted comparing the U isotope ratio of agglomerates to the host 
objects they are attached or incorporated into. 


No. Agglomerates SIMS Instrument 
Sample ID Analyzed (Analysis Year) 


U1A 

0 

IMS-1280 (2012) 

U1B 

2 

IMS-3f (2012), IMS-1280 (2012), NanoSIMS (2016, 2017) 

U2 

0 

IMS-3f (2012), IMS-1280 (2012) 

U3 

2 

IMS-3f (2012), IMS-1280 (2012) 

U4 

3 

IMS-3f (2012), IMS-1280 (2012) 

FLD10 

1 

NanoSIMS (2017) 

FLD14 

2 

NanoSIMS (2017) 

FLD15 

0 

IMS-1280 (2015) 

FLD16 

0 

IMS-1280 (2015) 

FLD17 

1 

NanoSIMS (2017) 

FLD18 

2 

IMS-1280 (2015), NanoSIMS (2016, 2017) 

FLD20 

0 

IMS-1280 (2015) 

FLD23 

11 

NanoSIMS (2016, 2017) 

FLD4.3 

4 

NanoSIMS (2017) 

AA.B 

3 

NanoSIMS (2015) in [67] 

AE.C 

2 

NanoSIMS (2015) in [67] 

AG.D 

2 

NanoSIMS (2015) in [67] 

AH.E 

1 

NanoSIMS (2015) in [67] 


either positive or negative O ion beams, and reliably do so with high brightness (>10 A 
cm -2 sr -1 ) and narrow energy spreads (~10 eV) [109]. 

To form the plasma, the duoplasmatrons in the IMS-3f and IMS-1280 use a current 
applied through a high-purity 0 2 gas to strike an arc between a Ni cathode and the ferrous 
Fe anode. The Ni cathode bombards the 0 2 gas with electrons, ionizing it and forming a 
plasma. The plasma is constricted by an inhomogeneous magnetic held near the aperture 
located at the anode, where it is extracted and steered through a magnet to allow only 
the ions of interest to enter into the primary column. In contrast, the NanoSIMS uses an 
inductively-coupled plasma source to generate its O - primary beam. The NanoSIMS ion 
source, the Hyperion II (manufactured by Oregon Physics), is capable of a ~100x increase 
in beam brightness over the duoplasmatron and is capable of operating at much higher 
spatial resolutions (~50 nm) with narrower energy spreads (~3-4 eV) [110]. The primary 
beam column (which houses the ion optics of the primary beam) for all three instruments 
consists of a series of electrostatic lenses, dehectors, and octopole stigmators, which allow 
the user to adjust the shape, size, and intensity of the primary beam. On the IMS-3f and 
IMS-1280, which have similar primary columns, the beam can be varied between «1-200 
jum in diameter, and the current between 0.1-1000 nA. For this study, on the IMS-3f, the 
beam diameter ranged from 10-30 /rm and the beam current was set to approximately 5 
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nA. On the IMS-1280, samples were analyzed with a 25-40 /jrn beam rastered in a square 
at approximately 25 nA. 

Sputtering 

Sputtering is the controlled erosion of a solid surface from bombardment by an energetic 
ion beam and is the process that SIMS uses to generate ions from solid samples. It is a 
complex and incompletely understood process that can be described qualitatively, but no 
first-principles model adequately describes sputtering from complex surfaces such as hetero¬ 
geneous, amorphous aluminosilicates, such as glassy fallout [111]. 

As energetic O - ions bombard the surface, they transfer their energy to atoms in the 
sample through elastic and inelastic scattering. The atoms in the sample that are struck by 
primary beam ions are called “primary knock-on” atoms and they transfer their energy to 
atoms surrounding them [112]. Those atoms continue to transfer energy and momentum to 
other atoms, creating a “collision cascade” (Figure 5.2) [112]. If an atom receives sufficient 
kinetic energy in excess of its binding energy («10-30 eV) and momentum in a direction 
away from the sample, it may escape the sample surface. 

Sputtered atoms are ejected from only the top few atomic layers of the sample and can 
be liberated as neutral atoms, ions, and as monomers or molecules [113]. As a result, it is 
necessary to “pre-sputter” the sample surface before collecting data to remove contamination 
layers and/or the conductive coating. The number of atoms of a species sputtered as ions per 
incident primary beam ion is called the secondary ion yield. For positive ions sputtered from 
the same matrix, the yield roughly decreases exponentially with the ionization potential of 
the element. For example, the positive secondary ion yield of Group I and II elements, with 
low ionization potentials, is greater than for Au, Th, or U (Figure 5.3). U + is not shown in 
Figure 5.3, but its useful secondary positive ion yield (that is, ions detected per incoming 
primary beam ion) when sputtered from silicate matrices is almost identical to Th + [114] A 

The energy distribution of sputtered atoms that are liberated as ions peaks at kinetic 
energies between 5-10 eV and has an exponential tails that extends up to ~100 eV [113]. 
However, molecules can be produced as well (M + , MO + , MO/, MOH + , etc., where M is 
a metal or metalloid that can form positive ions). In the case of geological samples, these 
molecular ions create complex mass spectra that have many interfering isobars. Fortunately, 
there are several methods to filter out isobaric interferences. When they cannot be filtered 
out, one can usually estimate and subtract their contribution (discussed below). 

Finally, relative ion yields for isotopes of the same element are not identical. Lighter 
isotopes are preferentially sputtered relative to heavier isotopes. This mass-based fractiona¬ 
tion is usually small (at the percent level). Because no first-principles understanding of the 

1 Useful secondary positive ion yield is different from positive ion yield in that it counts the number of 
ions detected not produced , so this depends on the instrument, operator, and tuning conditions. The useful 
secondary ion yield will always be lower than the secondary ion yield, due to transmission losses in the 
instrument and detection inefficiencies. 
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Figure 5.2: A schematic of the sputtering process and the a collision cascade. 



Figure 5.3: Plot of positive secondary ion yield vs. atomic number from bombardment with an 0“ beam. 
Shading of the points correspond to their ionization potential in eV (I.P. in the legend). Lines connect 
elements from the same row in the periodic table. Adapted from [115]. 


sputtering process exists, this fractionation is corrected by measuring standards with similar 
matrices and compositions to the unknown (Figure 5.6). 
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The secondary beam and column 

Once sputtered, secondary ions are accelerated into the secondary column through an aper¬ 
ture in an extraction electrode just above the sample surface. 2 The secondary column pre¬ 
serves the ion image of the sample surface as the secondary beam is transported through the 
mass spectrometer, allowing for real-time ion mapping and imaging of the sample surface 
(for the IMS-3f and IMS-1280). The NanoSIMS forms ion images through rastering the 
primary beam over a region. 

After the extraction electrodes, the transfer optics focus the ion image of the sample 
surface onto the field aperture, which sits just behind the entrance slit. The field aperture 
and entrance slit are both physical apertures, but with different functions. The field aperture 
limits or expands the field of view the sample surface, which, allows the user to only sample, 
image, and count ions from the very center of a SIMS crater and not the crater edges. The 
entrance slit is used to remove secondary ions that are off-axis from the majority of the 
secondary beam, either due to deviations in position, energy, or momentum, and contribute 
to the finite width of ion peaks at the detector end of the spectrometer. By narrowing 
the entrance slit, these aberrant ions are removed, narrowing the width of ion peaks and 
improving the separation between ions of similar mass, allowing the spectrometer to resolve 
isobaric interferences. 

Next, the secondary ion beam passes through the electrostatic analyzer, a pair of curved 
electrostatic plates of opposite voltage. The inner plate is opposite in voltage to the secondary 
ions, attracting them to the inner plate. The radius of curvature of ions through the analyzer 
is proportional to their kinetic energy, 

77 17 77 mV2 V „ 777/1,2 7C 1 \ 

Fe — zE = icentrip = —-> ^curvature = , (5.1) 

where F E is the magnitude of force due to an electric field perpendicular to an ion’s 
trajectory, F centrip is the centripetal force an object experiences traveling on a circular path, 
z is the ion’s net charge, E is the magnitude of the electric field, and r curva ture is resulting the 
radius of curvature of an ion with charge z and kinetic energy 1/2 mv 2 , passing through a 
field E perpendicular to its trajectory. Ions of lower kinetic energy are more easily deflected 
by the E-field than higher energy ions, leading to a spatial distribution of ions by energy. 
The secondary beam then passes through the spectrometer lens, which can be narrowed or 
translated to select high energy ions, low energy ions, or both. Next, the secondary beam 
enters the magnet, which disperses secondary ions by momentum: 


Fr ZVB Tc en t r ip 


mv 2 

T' curvature 


mv 

~zB' 


(5.2) 


2 The following description of the secondary column primarily relates to the design of the IMS-3f for 
simplicity and clarity. In the IMS-1280 and NanoSIMS, additional deflection plates, quadrupoles, and lenses 
control higher order aberrations and alignment of the secondary beam in the magnet and detection system. 
Altering the voltages on these electrodes is an important aspect of tuning the secondary column, but only 
the primary components of the mass spectrometer are discussed here. 
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where where F B is the magnitude of force due to a magnetic held perpendicular to an 
ion’s trajectory, F centrip is the centripetal force an object experiences traveling on a circular 
path, z is the ion’s net charge, B is the magnitude of the electric held, and r curva ture is 
resulting the radius of curvature of an ion with charge z and kinetic energy 1/2 mv 2 , passing 
through a held B perpendicular to its velocity. Alternatively, the ion’s kinetic energy can 
be expressed as KE= zV, and solving Equation 5.2 for v = Bzr CUIva , tme /m, the resulting 
dispersion can be expressed in terms of an ion’s mass-to-charge ratio to/ z: 


mB 2 z 2 r 2 


(5.3) 


After ions are dispersed by the magnetic held, they pass through the exit slit, which is a 
physical aperture that can be narrowed to reduce the range of ions with Ar curvature incident 
on the detector. (This, in combination with the entrance slit, is one method double-focusing 
mass spectrometers can resolve isobaric interferences.) For multi-collector systems, the exit 
slits are physically mounted on each of the detectors and for mono-collector systems, the 
exit slit is positioned just after the magnet. Finally, a series of lenses and dehector plates 
guide the mass-hltered secondary ion beam, preserving the location from where they were 
hrst sputtered (again, allowing ion imaging and mapping), onto detectors where they are 
counted. 


Ion detection 

To form ratios between different isotopes, ions were counted using an electron multiplier 
(EM) or a Faraday cup (FC). The EM and FC determine count rates using pulse counting 
and current measurement, respectively. At low count rates (<10 6 cps), the EM is used due 
to a background ~6 orders of magnitude below the FC’s background (~10 4 cps). At high 
count rates (>10 6 cps), the Faraday cup is often used to avoid excessive dead time losses 
and damaging the EM’s sensitive dynode surfaces. However, when using multiple detectors 
to detect ions, the relative efficiencies of the detectors must be known. Frequently, instead 
of switching to the FC for high count rate isotopes, many users simply reduce the primary 
beam current and, therefore, secondary beam current, to allow them to measure all isotopes 
on the EM. 

The IMS-3f has a single electron multiplier and Faraday cup that uses electrostatic de¬ 
flectors to switch between the two during an analysis. The multi-collector setup on the 
IMS-1280 has five electron multipliers with two Faraday cups, one on the low mass side 
and one on the high mass side. The NanoSIMS multi-collector system also has five electron 
multiplier detectors, with a single Faraday cup on the low mass side. The IMS-1280 has the 
advantage of being able to measure the major and minor isotopes of U using a single static 
magnetic held. In the NanoSIMS, the magnet insufficiently disperses 235 U + and 238 U + ions, 
preventing the electron multipliers from getting close enough to measure both ions using a 
single, static magnetic held, so two magnetic helds must be used. 
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EMs were used for all analytical sessions, except for some 2012 measurements on the 
IMS-3f, when the intensity of 30 Si + was too high for the EM. When shifting between an EM 
and Faraday cup during the same analytical session, the relative detection efficiency of the 
EM (Faraday cup has an assumed efficiency of 1) must be measured. Relative detection 
efficiencies of EMs are usually >0.9. 

Electron multiplier 

The EM is the standard ion detector in SIMS. It has low background noise, typically <0.1 
counts per second (cps), and as a result, is able to detect and count single ions. EMs enhance 
the signal from incoming ions using a series of dynodes (Figure 5.4). First, an ion transmitted 
through the instrument strikes the conversion dynode, made of a low work function material, 
which readily ejects secondary electrons. An applied potential accelerates these electrons to 
the next dynode, where they bombard the surface, creating more secondary electrons. Those 
electrons are accelerated to the next, and so on, creating an electron cascade. The EMs for all 
three SIMS instruments use 18 dynodes to achieve gains of up to 10 7 electrons are detected 
per incoming ion from the sample. These electrons are collected at the anode and read as 
a single pulse. The pulse is converted to a voltage, amplified by the pre-amplifier, and then 
passed to a discriminator, which filters out low energy noise before the pulse is counted. 



FIRST 

DYNODE 


Figure 5.4: Schematic of an ion from the sample striking the conversion dynode of an EM, creating an 
electron cascade. Reproduced from [60]. 

From an ion striking the conversion dynode to being read by the counter, EM signal pro¬ 
cessing takes a non-negligible amount of time (~30-50 ns). During this time, signals created 
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by other incoming ions are rejected. This deadtime (r) must be properly characterized to 
correct for lost counts, In addition, the dead time changes as the EM ages, so it must be 
periodically re-characterized. The measured count rate differs from the true count rate by 


Ctrue 


C meas 

1 ~rC meas ' 


(5.4) 


The deadtime correction is nearly negligible at count rates below ~10 3 cps (Ct rue /C meas = 
1.00004, assuming r = 40 ns), but important for count rates above ~10 4 cps. At even higher 
count rates (~10 6 cps), small variations in the deadtime lead to large changes in the count 
rate, so the deadtime must be carefully characterized. High count rates can also damage the 
conversion dynode surface, so either the primary current must be reduced or the user must 
switch over to the Faraday cup detector, which is more robust and does not suffer from dead 
time losses. 


Faraday cup 

A Faraday cup counts ions by measuring ion current. It consists of a tilted metallic elec¬ 
trode located within a grounded, metallic cup. The electrode is tilted to prevent secondary 
electrons, created by the bombardment of the ion beam on the electrode from escaping the 
cup and are instead collected by the grounded cup walls. As the titled electrode collects the 
positive ions from the ion beam, electrons travel across a high resistance load resistor to neu¬ 
tralize the positive charge. Current across the resistor produces a voltage that is measured 
and the number of positive ions collected on the electrode is calculated. However, the high 
resistance of the load resistor causes a great deal of thermal noise, producing a background 
of spurious, random voltages across the resistor, creating a high background of ~10 4 cps. 

Faraday cups are always used to measure primary beam currents, due to their potentially 
high intensity (up to several /j,A) and are sometimes used to measure secondary ion beam 
currents, when the intensity is too great for an electron multiplier (>10 6 cps). In this study, 
only the 2012 analytical session on the IMS-3f used the FC, and only infrequently, when 
the intensity of 30 Si + was too great for the EM. In other circumstances, when secondary ion 
beam intensities approached 10 6 cps, the primary ion beam current was turned down so all 
ions could be measured on EMs. 


Isobaric interferences and mass resolving power 

The measured signal intensity from a mass spectrometer corresponds to ions of a small range 
of masses about the nominal mass (Am about m), rather than one isotope of a single mass. 
This dispersion is caused by the finite width of the secondary ion energy distribution and 
the physical width of entrance slits, exit slits, and conversion dynode on the EM. Isobaric 
interferences (ions with the same nominal mass) can be separated in two ways: either by 
taking advantage of the different energy distributions between atomic and molecular ions 
and altering the energy bandpass of the spectrometer accordingly, or by increasing the “mass 
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resolving power”. The ability of a mass spectrometer to separate ions of near identical mass is 
known as its mass resolving power and is calculated as m/Am, where m is the nominal mass 
and Am is the difference in mass defects between the interfering ion and ion of interest about 
m. 3 In this study, the mass resolving power is increased to separate isobaric interferences 
because both atomic and molecular ions were often analyzed in the same analytical session 
and increasing the mass resolving power generally reduces transmission less than energy 
filtering [116]. 

Mass resolving power is variable and set by the operator, but the higher the mass resolving 
power, the greater the ability to distinguish between ions of similar masses. The different 
SIMS instruments used in this study are capable of different mass resolving powers: the IMS- 
3f is capable of mass resolving powers greater than 5,000, while the IMS-1280 and NanoSIMS 
are capable of mass resolving powers exceeding 12,000. Not all interferences can or need to 
be resolved (Figure 5.5). Some unresolvable interferences have a negligible contribution, such 
as 234 UH + interfering at 235 U + in this study. First, 234 U is already at a low abundance in this 
fallout( 234 U/ 238 U < 0.1) [60]. Second, hydride formation is low with approximately 2.5 cps 
detected at mass 239 ( 238 UH + ) for every 10 4 cps detected at mass 238 (as measured on the 
U500 standard). If there is an unresolvable interference with a non-negligible contribution, 
one may monitor that interference using a different isotope of an element that comprises 
the interference. Assuming an isotopic composition, the contribution of the unresolvable 
interference can be estimated and the subtracted from the measured mass of interest. 

Higher mass resolving power reduces transmission of secondary ions through the instru¬ 
ment because physical plates ( i.e ., the entrance and exit slits) are used to block ions from 
(a) entering the mass spectrometer and (b) impinging on the detector. The IMS-3f and 
IMS-1280 have continuously variable entrance and exit slits, while the NanoSIMS has five 
discrete slit widths. Narrowing the entrance slit removes aberrant ions far from the center 
line of the mass spectrometer (“the optical axis”). Narrowing the exit slits physically reduces 
the peak width before the ions are detected to remove tails from isobaric interferences. 

For the analytical sessions in this study, the instruments operated at a mass resolving 
power ~3000-4000, sufficient to resolve most non-negligible isobaric interferences [60]. Non- 
negligible interferences in this study were primarily at low mass, such as silicon hydrides 
interfering on 30 Si + and 27 A1 2 + interfering on 54 Fe + . At the masses of U and UO, non¬ 
hydride isobaric interferences were primarily from combinations of Pb isotopes and isotopes 
of major elements, such as 208 Pb 27 Al + interfering at mass 235 or 208 Pb 30 Si + interfering at 
mass 238. Pb was present at <1 cps when monitoring 208 Pb + for possible sources of isobaric 
interferences on fallout in 2012. 238 U 1 H + and 238 U 16 0 1 H + was monitored on the IMS-1280 
and the IMS-3f during several analyses on the U500 standard to measure the contribution 
from 234 U 4 H + and 234 U 16 0 1 H+. 238 U 16 0 1 H+ contributed approximately 2.5 cps for every 
10 4 cps of 238 U 16 0+ ( 238 U 1 H/ 238 U » 0.00025 from 50 measurements on U500). Given the 
abundance of 234 U + in fallout (<1 at.%) relative to 235 U + (usually >75 at.%), a hydride 
interference is a negligible correction for 235 U + in this study. During the IMS-1280 studies, 

3 In this work, two ions are considered resolved when their overlap is <10% of their peak heights. 



CHAPTER 5. BOMB VAPOR CONTRIBUTIONS TO FALLOUT 


143 



Interference 

— Dimer 
—■ Hydride 

— Monoxide 


Figure 5.5: Mass resolving power required to resolve three common isobaric interferences: dimers, hydrides, 
and monoxides. The horizontal band denotes the approximate range of mass resolving powers used in this 
study. Plot adapted from [117]. 

the contribution of 235 U 1 H + to the 236 mass peak was removed by subtracting the calculated 
235 U 1 H + contribution from monitoring 238 U 1 H + (mass 239): 

238TTlpr+ 

236 U+ ts = (Cts at mass 236)- 238 _^ + cts x 235 U^ S . (5.5) 

This correction was small, with 235 U 1 H + contributing approximately 0.5 cps to 236 U + 
(ps 25-50 cps). 

Standards 

Many instrumental factors and physical processes affect how efficiently an ion is sputtered 
from a sample, transmitted through an instrument, detected, and counted. These factors not 
only vary between instruments and operators, but may vary from day-to-day on the same 
instrument. 

Instead for accounting for these instrumental biases individually, SIMS relies on measure¬ 
ments of standard materials to correct for instrumental bias collectively. Effective and useful 
standards are completely characterized (he., major and trace element concentrations and 
isotopic ratios are known), similar in major element composition to the unknown (referred 
to as being “matrix-matched”), and similar in isotopic composition to the trace elements of 
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interest (he., a standard with non-natural U isotopic composition is better for SIMS studies 
of fallout than one with natural U isotopic composition). 

In total, three U-doped, calcium aluminosilicate glasses were used as standards (Tables 
5.2 and 5.3). The glasses were fabricated at LLNL and doped with U 3 0 3 powders of known 
and certified U isotopic compositions. For the majority of SIMS analyses, a single glass 
standard doped with «350 ppm U of non-natural isotopic composition was used (“LLNL 
U500” in Table 5.2). Another set of SIMS analyses, performed at LANL in 2012, used a 
higher concentration U standard (»*3500 ppm U) made with the same base glass material and 
U dopant (“LANL U500” in Table 5.2). The U dopant in both standards is a U 3 0 8 powdered 
Certified Reference Material (CRM) from New Brunswick Laboratory with a 235 u/ 238 U ratio 
of ~1 (Table 5.2). However, early SIMS isotopic measurements suggested that the ratio in 
the final formulated glass deviated from the CRM certificate. MC-ICP-MS analyses of the 
glass revealed a slight deviation in the isotopic ratios from certificate values, likely from 
contamination from some other non-natural U source in the laboratory used to create the 
doped glass. 

The third U-doped glass standard, CAS-53-500, was used during the 2017 NanoSIMS 
analytical session. The U dopant was New Brunswick Laboratories Nuclear Forensic Refer¬ 
ence Material 2 (NFRM U-2), with a nominal 235 u/ 238 U ratio of Rsl .13. Similar to the U500 
standards, MC-ICP-MS analyses revealed its U isotopic composition deviated from the cer¬ 
tified ratios of the base U powder (see [101]). While the CAS-53-500 U isotopic composition 
is similar to that of the U500 glasses, its major element composition is different, being fused 
from a different eutectic (the CAS-3 eutectic) in the Ca0-Al 2 0 3 -Si0 2 system (Tables 5.3). 


Table 5.2: U concentrations and U isotopic ratios of the U-bearing glass standards as measured by MC- 
ICP-MS. Included are the certified U isotopic ratios from the NBL CRM certificate for U500 and NFRM 
U-2 for comparison and reference. To calculate the fractionation factors, U500 MC-ICP-MS measurements 
were performed by K. Treinen and R. Williams and CAS-53-500 MC-ICP-MS measurements performed by 
G. Eppich were used (documented in [101]). 


Standard 

U Cone, (/rg/g) 

± 

2 a 

" b U/ MS U 

± 

2cr 

2d4 U/ MS U 

± 

2(7 

Mb U / M8 U 

± 

2(7 

LLNL U500 (meas.) 

359.1 

AT 

1.2 

0.9618 

AT 

0.0013 

0.010044 

AT 

0.000006 

0.001479 

AT 

0.000006 

LANL U500 (meas.) 

3490 


12 

0.9949 

A 

0.0014 

0.010371 


0.000006 

0.001521 

sfc 

0.000005 

NBL U500 Cert. 


± 


0.9997 

A 

0.0028 

0.010422 

± 

0.000038 

0.001519 

± 

0.000012 

CAS-53-500 (meas.) 

331.5 

± 

4.1 

1.1253 

± 

0.0004 

0.010622 

:i§s 

0.000002 

0.007773 

± 

0.000004 

NFRM U-2 Cert. 


± 


1.1340 

± 

0.0020 

0.008067 

± 

0.000028 

0.005691 

± 

0.000013 


Table 5.3: Nominal compositions of the base glasses used to make the U500 standards and CAS-53-500 
standard. 


Standard 

Si wt.% 

A1 wt.% 

Ca wt.% 

U500 glass 

15.0 

19.6 

22.2 

CAS-53-500 glass 

29.0 

7.7 

16.8 
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The fractionation factor 

The deviation of standards measurements from their known values is used to collectively 
account for sputtering and instrumental fractionation effects. This ratio, called the fraction¬ 
ation factor, is then used to correct measurements made on the unknown: 

G t , • Standard ratio true , 

Sample rat,o, ru « = standard rati(WuteJ * Sam P le < 5 ' 6 ) 

For these analyses, the correction is small, at the percent or permil level, and is usually 
slightly less than 1, as sputtering preferentially sputters lighter isotopes relative to heavier 
ones (Figure 5.6). The fractionation factor can be greater than 1 for multi-collector analyses 
because of differences between EM age or where the secondary ion beam strikes each EM’s 
conversion dynode surface. Finally, the uncertainty in the fractionation correction is typically 
small as well (at the permil level), and is added in quadrature with the uncertainty from the 
measured ratio. 

SIMS instrument operating conditions 

IMS-3f 

The CAMECA IMS-3f is capable of per mil precision and produce count rates of ~100 cps 
on 235 u 16 o + for tens of ppm U at a spot size «10-30 /jrn and primary beam currents of 
«5-10 nA O". Given these operating conditions, per mil precision were typically achieved 
in these samples with ~1 hr analyses. 

The CAMECA IMS-3f was used in 2012 to characterize the heterogeneity of U isotopes in 
U1B, U2, U3, and U4 by conducting approximately linear traverses across the samples and 
not attempting to target and characterize agglomerates [60]. However, when reexamining 
the analysis craters by SEM/EDS, it was determined that several agglomerates had been 
analyzed. The data from these agglomerates are included in this dataset, along with the 
host object U isotope dataset from the other SIMS analysis craters. 

IMS-1280 

The CAMECA IMS-1280 is a large geometry multi-collector SIMS instrument, with high 
transmission of secondary ions through the mass spectrometer. As a result, the instrument 
can achieve sub-per-mil precision in an analytical session of just a few minutes. Count rates 
on this instrument were approximately an order-of-magnitude larger, yielding ~1000 cps on 
235 U + for most measurements at 25 nA primary beam currents. 

Data from two analytical sessions using the IMS-1280 are included in this dissertation. 
First, M. Zimmer and W. Kinman of Los Alamos National Laboratory (LANL) analyzed 
samples U1A, U1B, U2, U3 and U4 for major and minor U isotopes ( 234 U + , 235 U + , 236 U + , 
238 U + , and 238 U 1 H + to correct for hydride formation) in 2012. They conducted traverses 
across the samples without regard to agglomerates, similar to the study of the U-series of 
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Figure 5.6: SIMS measurements of the 235 XJ/ 238 U ratio on CAS-53-500 (top left) and ~350 ppm U500 
standard (the remaining plots) from all SIMS sessions between 2012-2017 in reverse chronological order. 
LANL’s analysis of the «3500 ppm U500 standard during the analytical campaign on their IMS-1280 in 
2012 is detailed in [60]. For all plots, the blue dashed line and blue band are the mean and 2SEOM of 
the SIMS measurements, respectively. The red line and band are the mean and 2SEOM band of three 
ICP-MS measurements on each of the standard glasses. For the U500 plots, the y-axis is the same to 
ease comparison between results from the U500-doped glasses with two different concentrations. Data are 
tabulated in Appendix F. 
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samples on the IMS-3f in Lewis (2012) and was combined with these results for publica¬ 
tion [60]. In 2015, LANL’s IMS-1280 was used with assistance from T. Williamson and C. 
Bonamici to analyze samples FLD15, FLD16, FLD18, FLD20 in linear traverses, again not 
specifically targeting agglomerates. During this analytical session, the 234 U + , 235 U + , 238 U + , 
and 238 U 1 H + ions were measured. 236 U + was also measured in select analyses. 

NanoSIMS 

The C AMEC A NanoSIMS is a SIMS instrument primarily built for sub-micron scale imaging. 
Typical operating conditions for fallout glasses were primary beam currents of 0.1-0.5 nA 
and square rasters of 10-20 jum (the beam diameter is much smaller than this, typically 
~1 /jrri, but rastered over the 10-20 /mi region). Under these operating conditions, percent 
precision can be obtained with ~1 hr analyses [118]. While the primary ion beam current is 
an order-of-magnitude lower than the IMS-3f, the instrument’s ability to transmit secondary 
ions through the secondary column without loss is higher, so count rates on 235 u 16 0 + were 
~50-150 cps, similar to the IMS-3f. 

The NanoSIMS was used (with assistance from J. Matzel and P. Weber) for two analytical 
sessions, one in July 2016 and January 2017. These measurements took advantage of the 
small spatial resolution of the NanoSIMS to target agglomerates in samples U1B, FLD10, 
FLD14, FLD17, FLD18, FLD23, and FLD4.3. 

Determining chemical compositions of SIMS analysis regions 

To combine U isotope and major element composition data, EDS rasters were collected from 
within and around SIMS analyses craters. 

For the IMS-3f, the operating conditions created ~ 10-30 /mi diameter analysis craters, 
with depths on the order of several microns (Figure 5.7). To measure the composition using 
EDS, several rasters were manually drawn around the crater and averaged. However, due 
to the scale of compositional heterogeneity in glassy fallout, this can lead to sampling a 
composition with EDS that is not similar in composition to the region analyzed by SIMS. 
Data with this behavior were omitted from this study. 

For the IMS-1280, operating conditions created analysis craters that tended to be wider 
and shallower than the IMS-3f, ~30 /mi squares, but shallow (<1 /mi deep) and Gaussian- 
shaped (Figure 5.7). In contrast to IMS-3f analysis craters, EDS rasters were often able to 
sample the composition of the crater directly, depending on its depth and topography. 

Finally, analysis craters from the NanoSIMS were shallow and square. This topography 
allowed for the use of manually-drawn EDS raster directly in the analyses crater to measure 
the major element composition within the crater in all cases (Figure 5.7). 

While operating conditions between different analytical sessions varied, conditions within 
individual analytical sessions were approximately fixed (Table 5.4). For example, only ap¬ 
proximate primary ion beam currents are known because the primary ion beam drifts with 
time (typically by less than a few percent). The mass resolving power is usually only mea- 
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Figure 5.7: Electron images of craters created by the three different SIMS instruments used in this study: 
the IMS-3f (left; SE image), IMS-1280 (middle; SE image), and a 15 /zm square raster from the NanoSIMS 
(right; BSE image). 


sured while tuning, which is at the beginning of an analytical session. Although operating 
conditions vary from instrument to instrument, the SIMS measurements are comparable be¬ 
cause they are linked through measurements of the standard glasses previously described. 
Standards measurements take place throughout the analytical session to account for vari¬ 
ations in analytical conditions, if they occur. In one instance, during a 3 week analytical 
session at LANL that spanned from March 2015 to April 2015, the instrument was tuned at 
the beginning of the session and then re-tuned in early April, creating a slight variation in the 
measured fractionation factor (Figure 5.6). All fallout measurements made in March 2015 
were corrected based on the March 2015 standards measurements and fallout measurements 
made in April 2015 were corrected based on the April 2015 standards measurements. 

Table 5.4: Operating conditions for the analytical sessions in this study. “I (nA)” refers to the primary ion 
beam current and “mAm” to the approximate mass resolving power the instrument operated at. 


Instrument 

Year 

~I(nA) 

V Am 

Standard 

Detectors 
and Ions 

Sizes (/zm) 

Pixels 

Pre-sputter 

Analytical 

Cycles 

IMS-3f 

2012 

5 

3000 

U500 

Table 5.5 

10-30 


5 

60 

60-80 

IMS-1280* 

2012 

25 

4000 

3500 ppm U500 

Table 5.6 

30-40 


2 

15 

50-60 

IMS-1280 

2015 

25 

4000 

U500 

Table 5.6 

30-40 


2 

15 

50-60 

NanoSIMS 

2016 

0.2 

4000 

U500 

Table 5.7 

15-20 

64x64 

10 

120 

100-200 

NanoSIMS 

2017 

0.4 

4000 

U500/ CAS-53-500 

Table 5.7 

15-20 

64x64 

10 

60 

70-100 


Running a SIMS analysis 

After the SIMS instrument is tuned, the operator decides the masses to measure (Table 5.5). 
Typically, a low mass and high mass are chosen as reference masses. For example, for the 
NanoSIMS runs in 2016 and 2017, 42 Ca + was the reference mass at low masses (reference for 
30 Si+ and 54 Fe+) and 235 UO+ was a reference at high mass for 235 U+, 238 U+, and 238 UO + . 
Measurements of reference masses were fit in the beginning of, and during, an analysis so the 
intermediate mass peaks could be re-centered if instrument drift has occurred. Generally, 
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a measurement of the secondary ion distribution of reference mass ions was performed and 
the instrument software applies a voltage offset to the sample stage to ensure the energy 
distributions of the reference ion masses did not shift. This accounts for instrumental drift 
during an analysis and other masses were assumed to drift with the reference mass. Magnetic 
field or energy distribution shifts applied to the reference masses were applied to all other 
masses. 



Mass (amu) 


Figure 5.8: High resolution mass scan about mass 251 ( 235 U 16 0“) from a standard glass not used in this 
study. High resolution scans throughout an analysis use the slope and heights of either side of the peak to 
locate the approximate center of the peak, which the software considers the number of counts of particular 
ion. Due to slight drifts throughout the run, small variations in the noise on the peak top are averaged out. 
In this study, drift was much typically only a few percent of the full peak width. 


SIMS instruments count ions in cycles. For a mono-collector instrument, ions at particular 
mass are counted for user-determined period of time (between 1-10 s/cycle depending on the 
ion’s count rate). The magnetic field is then changed, the next mass in the mass table is 
counted, and so on. One cycle happens after all ions in the mass table have been counted 
once and the magnetic field returns to measure the first mass in the mass table (Table 5.5). 
For the multi-collector system on the IMS-1280, where only one magnetic field was used, the 
total run is split up into a user-defined number of cycles, typically 15-25 cycles under our 
operating conditions (Table 5.6). For the multi-collector system on the NanoSIMS, where 
two magnetic fields were used, one cycle was defined similarly to the mono-collector setup, 
but all masses at a particular magnetic field were counted for the same duration (Table 5.7). 
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Table 5.5: Mass table for IMS-3f SIMS measurements of fallout. This is a mono-collector system, so all ions 
were measured on the same EM, except when the intensity of 30 Si + exceeded 10 6 cps, when measurements of 
30 Si + was moved to the FC. 30 Si + was added in the latter half of the analysis campaign and was measured 
only samples U3 and U4. Before 30 Si + was added, the mass table consisted of masses 248-254. Rest masses 
were used to allow the magnet to settle after large changes in magnetic field. 


Nom. Mass 

Ion 

Detector 

26.5 

Rest Mass 

EM 

30 

30 Si+ 

EM/FC 

247.5 

Rest Mass 

EM 

251 

235jj16q+ 

EM 

254 

238jj16q+ 

EM 


Table 5.6: Mass table for the 2015 IMS-1280 analytical session on fallout. This is a multi-collector system. 
A static magnetic field was used and the EMs were arranged to collect the ions listed. The 2012 IMS-1280 
analytical session is documented in [60] and used a mono-collector setup for samples U1A, U1B, U2, and U3 
and a multi-collector setup for sample U4 (identical to the setup in this table). The mono-collector setup 
analyzed the same ions listed below, but on a single EM. 


Nominal 

EM No. Mass Ion 


EMI 

234 

234 U+ 

EM2 

235 

235jj+ 

EM3 

236 

236jj+ 

EM4 

238 

238jj+ 

EM5 

239 

238 u 1 h + 


Isotopic ratios in SIMS 

To form the reported isotope ratios, the ratio between analyzed ions is calculated for each 
cycle after applying several corrections (usually performed automatically by the instrument’s 
software). Because sputtering continually removes atoms from the sample, the sputtered sur¬ 
face at time ti (when the instrument is counting, say, 235 U + ) is different from the sputtered 
surface a few seconds later, at time when the instrument is counting, say, 238 U + . Another 
temporal effect is drift in the primary beam current, and therefore, secondary ion count rate, 
with time. When forming isotope ratios between ions collected on different magnetic fields, 
the counts are linearly time-interpolated to correct for these two effects. The time interpo¬ 
lation correction is usually small, ~l-2%, and only applied when isotope ratios were formed 
between ions on different magnetic fields, such as in the case of a mono-collector analysis, 
or a multi-collector instrument using more than one held. Next, the counts were corrected 
for dead time losses. For U isotopes, where count rates are ~10 2 cps, this correction is 
negligible (but is automatically applied by the software). However, the dead time correction 
is important for isotopes of major elements, where count rates are ~10 4 -10 5 . Finally, the 
user can remove aberrant cycles. This is necessary when pre-sputtering times were insufh- 
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Table 5.7: Mass table for both the 2016 and 2017 NanoSIMS analytical sessions. While this is a multi¬ 
collector system, two magnetic fields were used, one that included light elements and ions of 235 U, and the 
other that only included the ions of of 238 U. Note both the atomic and monoxide ions of 235 U and 238 U 
were analyzed. However, due to the higher secondary ion yield of the monoxide ions, and therefore, better 
precision, monoxide ratios were used in this study. Atomic ions of U were both measured on the same EM 
(EM4) and monoxide ions of U were both measured on the same EM (EM5). 

B-Field 1 B-Field 2 


EM No. 

Nominal 

Mass 

Ion 

Nominal 

Mass 

Ion 

EMI 

30 

3U Si + 

- 

- 

EM2 

42 

42 Ca+ 

- 

- 

EM3 

54 

54 Fe + 

- 

- 

EM4 

235 

235-JJ+ 

238 

238-jj+ 

EM5 

251 

235jj16q+ 

254 

238-jj 16q+ 


cient to remove contamination layers on the sample, the primary beam current rapidly and 
unexpectedly fluctuates, or other transients occur in the instrument. 

The final reported isotope ratio is the mean of the ratio of ions for each cycle, with its 
uncertainty presented as 2SEOM. This ratio and uncertainty were then corrected for mass 
fractionation, with the ratio’s uncertainty and the fractionation factor’s uncertainty summed 
in quadrature. Data are tabulated in Appendix F. 


U/major element ratios in SIMS 

U-major element ratios can be used to calculate the concentration of U or serve as a proxy 
for U concentration if the chosen major element is largely invariant in the sample. To 
calculate the ratio of U to major elements in fallout using SIMS, the ( 235 U+ 238 U)/ 30 Si or 
( 235 U+ 238 U)/ 42 Ca ratio is measured on fallout and compared to the known ( 235 U+ 238 U)/ 30 Si 
or ( 235 U+ 238 U)/ 42 Ca ratio in the U-bearing silicate standards (Table 5.8). The total U is 
assumed to be 235 u 16 0 + + 238 u 16 0 + and that minor isotopes are negligible. Ca or Si is 
used in the denominator due to their presence in the standard glasses and in glassy fallout. 
( 235 U+ 238 U)/ 30 Si is commonly used as a proxy for U concentration because the Si content 
typically varies ~20% in the glassy regions of these fallout samples (Figure 4.10). 

In addition to mass-based fractionation, the secondary ion yield of different elements must 
be considered when forming ratios between isotopes of different elements. The correction, 
which for elemental ratios is called the “relative sensitivity factor” (RSF), is defined as: 


RSF = 


[’SiL 


[ 4 ] 


measured, std 


(5.7) 


Strictly, the RSF is the relative variation due to secondary ion yield, fractionation, 
transmission, and detection, between two elements. For simplicity it is used here between 
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Table 5.8: ( 235 U+ 238 U)/ 30 Si and ( 235 U+ 238 U)/ 42 Ca atomic ratios on U500 and CAS-53-500 and their mea¬ 
sured values from three different analytical sessions (assuming nominal major element compositions and 5% 
uncertainties about those compositions). The EM used to measure 30 Si during the NanoSIMS (2016) ana¬ 
lytical session had a failing pre-amplifier, leading to the anomalously high measured U/ 30 Si ratio. The RSF 
is obtained by dividing the known value by the measured value. Uncertainties are summed in quadrature. 


Analytical Session 

Standard 

U/ 30 Si 

± 

2(7 

U/ 42 Ca 

± 

2(7 

- 

U500 

0.0092 


0.0005 

0.0425 


0.0021 

- 

CAS-53-500 

0.0044 

± 

0.0002 

0.0517 

± 

0.0017 

IMS-3f (2012) 

U500 

0.0293 

± 

0.0016 

- 

.± 

- 

NanoSIMS (2016) 

U500 

0.2872 

± 

0.0008 

0.0105 

± 

0.0003 

NanoSIMS (2017) 

U500 

0.0532 

± 

0.0153 

0.0085 

± 

0.0002 

NanoSIMS (2017) 

CAS-53-500 

0.0064 

± 

0.0009 

0.0093 

± 

0.0006 


235 U, 238 U and 30 Si. The RSF correction accounts for difference in secondary ion yield between 
different elements. Unlike mass-based fractionation, which is typically a permil correction, 
the RSF measured in this study is ~0.1 for ( 235 U+ 238 U)/ 30 Si and ~5 for ( 235 U+ 238 U)/ 42 Ca. 
In addition, because different elements reach sputtering equilibrium at different rates, typi¬ 
cally ( 235 U+ 238 U)/ 30 Si or ( 235 U+ 238 U)/ 42 Ca ratios take more cycles to reach a steady-state 
and have more scatter, leading to increased uncertainties compared to ratios of isotopes of 
the same element. Usually, the 235 U 16 O/ 30 Si or 235 U 16 0/ 42 Ca ratio increases from cycle to 
cycle before reaching sputtering equilibrium (Figure 5.9). In some analyses, the 235 U 16 O/ 30 Si 
or 235 U 16 0/ 42 Ca ratios were still increasing at the end of an analysis, although by <5% be¬ 
tween cycles. This behavior results in an underestimation of the U concentration in these 
particular analyses. 

To calculate U to major element ratios, the cycles were first subset and 235 U 16 O/ 30 Si and 
238 U 16 O/ 30 Si ratios were summed, forming rU/ 30 Sil , ... Next, the corrected 

' 7 ° L t J measured,uncorrected 

ratio is calculated by multiplying rU/ 30 Sil , . , by the relative sensitivity factor 

j xr j o |_ / J measured,uncorrected J J 

as measured on the standard with known U and Si concentrations: 

u i _ [^y known,std \ U 

sock = 

measured,corrected L ^Si J measured,std L 

Uncertainties are summed in quadrature. 30 Si + and 42 Ca + were collected for all NanoSIMS 
measurements (2016 and 2017 analysis campaigns), so U/ 30 Si and U/ 42 Ca were calculated 
for measurements on samples U1B, FLD4.3, FLD10, FLD14, FLD17, FLD18, and FLD23 
(Table 5.1). 4 30 Si + was collected for a set of IMS-3f analyses (2012 analysis campaign), so 
the U/ 30 Si ratios were also calculated for several analyses on samples U2, U3, and U4 (Table 
5.1). Data are tabulated in Appendix F. 

4 During the 2016 NanoSIMS campaign, EMI, which was used to count 30 Si + , was malfunctioning. As a 
result, the U/ 30 Si data are omitted for these analyses and only the U/ 42 Ca ratios are reported. 


(5.8) 

measured,uncorrected 
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0.010 



0.003 


0 10 20 30 40 50 

Cycle 


Figure 5.9: The 235 u 16 0/ 238 U 16 0 ratio (left) and 235 U 16 0/ 42 Ca ratio for each cycle from a NanoSIMS 
analysis on sample FLD23. The horizontal dashed lines are the mean of all cycles. Note the 235 u 16 0/ 238 U 16 0 
ratio deviates little from the mean between the first and last cycle, but the 235 U 16 0/ 42 Ca ratio takes tens of 
cycles to approach sputtering equilibrium. In this analysis, all cycles were included when calculating the U 
isotope ratio. However, the 235 U 16 0/ 42 Ca ratio is still increasing between cycles, even in the last few cycles. 
The red box indicates how the cycles were subset to calculate the 235 U 16 0/ 42 Ca ratio for this run. Because 
the 235 U 16 0/ 42 Ca ratio is still slightly increasing from cycle to cycle, this may lead to an underestimation 
of the concentration of U. 


Analysis of NanoSIMS rasters in L’lMAGE 

L’lMAGE image analysis software was used to calculate isotope ratios from NanoSIMS 
rasters [119]. Users can remove cycles, apply dead time corrections, calculate isotope ra¬ 
tios, and create and process ion and isotope ratio images. In this study, L’lMAGE was 
used in two ways: to calculate isotope ratios of entire rasters and to extract traverses across 
compositional interfaces. L’lMAGE shows an ion image in false color with the total number 
of counts per pixel, which is the sum of all retained cycles. 

Calculation of isotope ratios from NanoSIMS rasters 

Isotope ratios were calculated in select regions of interest (ROIs) (Figure 5.10). For analyses 
that did not occur at interfaces between agglomerated and host objects, the ROI was defined 
to be «5 pixels in from the edge of the image to avoid edge effects. Edge effects may occur 
when the primary ion beam sputters the sides of the crater, instead of sputtering material 
from the crater bottom, which can lead to unpredictable fractionation effects (Figure 5.11). 

The intensities of 30 Si + and 42 Ca + do not spatially coincide in Figure 5.11. The ion 
images are from the U500 standard, which is assumed to be chemically homogeneous, and 
this mismatch is likely not due to chemical heterogeneity in the sample. Instead, these dif¬ 
ferences are interpreted as analytical artifacts due to elemental-dependent sputtering effects. 
When the isotope ratio the entire raster (excluding the edges) is averaged and calculated, 
these analytical artifacts are removed. The spatial variation of U/major element and major 
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Different for U isotope ratios 
and U/major element ratios 


Ratio is the mean of ratios 
of subset cycles 
Uncertainty is 2SEOM of 
ratios of subset cycles 


Figure 5.10: Flow diagram of processing steps in calculating isotope ratios from entire NanoSIMS rasters in 
L’lMAGE. Isotope ratios are tabulated in Appendix F. 



Figure 5.11: Example of NanoSIMS ion images ( 30 Si + , left; 42 Ca + , right; scale bar is 2 jim) from sample 
FLD23, where pixel intensity represents the total number of counts in that pixel summed over all cycles. 
The white box is the user-defined ROI, drawn to exclude edge effects. 


element/major element ratios is usually larger than the effects caused by these analytical 
artifacts, especially for compositional interfaces exhibiting enrichments in 235 U + , 42 Ca + , and 
54 Fe + , such as those described in Weisz (2016) [67]. 

Cycles were sub-selected to capture steady-state conditions for the different isotope ratios. 
For U isotope ratios, the first 0-10 cycles were usually removed, which varied with the efficacy 
of the pre-sputtering (Figure 5.12). For U/major element isotope ratios, between first 50% 
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to 90% of cycles were removed. The cycle-to-cycle growth or decay of a U isotope/major 
element ratio is similar regardless of which U isotope is in the numerator ( 235 U 16 () + or 
238 U 16 0 + ) go a 8^8^ 0 f cycles were selected for both the 235 U 16 0 + /major element and 
238 U 16 0 + /major element ratios using the 235 U 16 0 + /major element ratios (Figure 5.13). The 
cycle-to-cycle behavior of different 235 U 16 0 + /major element ratios is also similar, regardless 
of the major element isotope in the denominator, so a subset of cycles were selected based 
on the 235 U 16 0 + / 42 Ca + cycle-to-cycle behavior and this subset was then applied to all U 
isotope/major element ratios {e.g., 238 U 16 0 + / 54 Fe + , 235 U 16 O + / 30 Si + , etc.; Figure 5.14). 



Figure 5.12: Plot of counts versus cycle for 235 u 16 0 + and 238 u 16 0 + (left; note the log scale) and the 
resulting 235 xj/ 238 U ratio for each cycle (right) from a NanoSIMS analysis on sample FLD23. The grey box 
on the isotope ratio plot shows how the data were subset, removing the first 10 cycles. The dashed line is the 
average ratio of the subset cycles. While the number of counts increases for both ions from cycle to cycle, 
their growth is proportional: the resulting ratio (right panel) shows little drift when considered over many 
cycles, unlike like the plot of counts (left panel). Uncertainties in both plots are la. 

The reported isotope ratio is the mean of the isotope ratios from each subset cycle. The 
reported uncertainty is two standard errors of the mean (2SEOM) of the isotope ratios from 
cycle to cycle. 


Line profiles across interfaces in L’lMAGE 

U isotope behavior was quantified at compositional interfaces (following observations from 
Weisz [68]) using isotope ratio images calculated and output by L’lMAGE. The intensity in 
each pixel of an isotope ratio image corresponds to the ratio calculated within that pixel. 
These images were used to perform linescans across analyzed interfaces (Figure 5.15). Due 
to the low number of counts per pixel, linescans must be averaged or smoothed over sev¬ 
eral pixels to obtain isotope ratios with reasonable uncertainties. Line profiles were drawn 
perpendicular to interfaces and smoothed to improve precision while minimally affecting 
the measured width of the interface (10-50 pixel smoothing), similar to line profiles across 
interfaces in EDS described in Chapter 4 and discussed further in Chapters 8 and 9. 
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Figure 5.13: Plot of the 235 U 16 0 + / 42 Ca + and 238 U 16 0 + / 42 Ca + for each cycle (left panel) and the same ratios 
divided by their average from cycle 100-200 (right panel) from a NanoSIMS analysis on sample FLD23. The 
grey boxes in each plot shows how cycles were subset (removing the first 100 cycles). The dashed line on 
the left plot denotes the average ratio of the subset cycles. Cycles were subset to minimize the cycle-to-cycle 
drift of 235 U 16 0 + / 42 Ca + . This criterion was applied to the 238 U 16 0 + / 42 Ca + ratio as well. While the ratio 
increases for both ions from cycle to cycle (left plot), their growth is proportional (right). Uncertainties in 
both plots are lcr. 




Figure 5.14: Plot of 235 U 16 O + / 30 Si + and 235 U 16 0 + / 42 Ca + for each cycle (left plot) and the same ratios 
divided by their average from cycle 100-200 (right plot) from a NanoSIMS analysis on sample FLD23. Note 
the log scale on the left plot. The grey box on the right plot shows how this analysis was subset for U/major 
element ratios, removing the first 100 cycles. While cycles were subset based on the cycle-to-cycle drift of 
235 U 16 0 + / 42 Ca + , the subset was also applied to the 235 U 16 O + / 30 Si + ratio as well. The values for all ratios 
increase from cycle-to-cycle (left plot) and increase at different rates initially (right plot, cycles<100) and 
their behavior from cycle 100-200 is similar (right plot). In individual cycles, the U/major element ratio is 
similar, implying that the ratio is largely controlled by fluctuations in the number of 235 U 16 0 + counts in a 
particular cycle. Given that the 235 u 16 0 + counts were typically much smaller than the number of counts 
in isotopes from the major elements, relatively small fluctuations in U counts may lead to non-negligible 
deviations in the overall ratio. Uncertainties in both plots are lcr. 
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Figure 5.15: 235 U 16 0+/ 42 Ca + image of the interface between interior agglomerate U1B.L and sample U1B 
(left panel) with the resulting extracted 235 U 16 0/ 42 Ca line profile (right panel). Points in the line profile 
were sampled in 1 fi m intervals. The profile was smoothed with a 20 pixel width and starts in the bottom 
right (at x = 0) of the image and moves across the image to the top left. The compositional interface 
separates U1B.L (interior agglomerate; right hand side of the raster) and U1B (the host object; left hand 
side of the raster). Data are tabulated in Appendix K. 


Choosing SIMS locations 

For the SIMS data collected on the IMS-3f and IMS-1280 instruments, SIMS analyses were 
performed in linear traverses across samples to characterize the U isotope heterogeneity of 
entire samples. For analyses on the NanoSIMS, agglomerates were targeted in the 2016 
and 2017 analytical sessions, compositional interfaces were also targeted during the 2017 
analytical session, and regions on the host glass near the agglomerates were targeted in the 
2016 and 2017 analytical sessions. 

Often only 1-2 NanoSIMS rasters (10-20 jum diameter rasters) fit within smaller ag¬ 
glomerates. If the agglomerate was large enough, NanoSIMS analyses were performed in a 
series of four or more NanoSIMS rasters in traverse starting in the agglomerate, crossing 
the compositional interface, and ending in the host (e.g., the traverse from FLD14.L into 
FLD14 shown in Figure 5.16). However, only 1-2 U isotope measurements with agglomerates 
is likely sufficient as agglomerates tend to be more compositionally homogeneous than host 
glasses (Figure 5.16 and Table 3.2). In addition, prior studies indicate that compositional 
homogeneity in a single sample tends to be associated with U isotope homogeneity (further 
discussed below and shown in Figure 5.31) [60]. 
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Figure 5.16: Backscatter electron images of NanoSIMS rasters from U isotope analyses of a large agglomerate 
(FLD14.L in sample FLD14, equivalent diameter of ~850 pm; shown in top right BSE image) and small 
agglomerate (FLD18.1 in sample FLD18, equivalent diameter of «60 pm, shown in top left BSE image). 
Both are exterior agglomerates. The bottom image is an A1 compositional map of sample FLD14. 

5.3 SIMS Measurements 

The 235 U/ 238 U isotope ratio 

A histogram of all 235 U/ 238 U measurements (including hosts and agglomerates), 323 mea¬ 
surements in 14 samples, shows roughly unimodal distribution (Figure 5.17). The median 
235 U/238u ratio is 4.57 (25th and 75th percentiles are 3.30 and 5.94, respectively), roughly 
corresponding to a 235 U enrichment of 82% (neglecting the 234 U contribution, which is ap¬ 
proximately 1% for oralloy [120]). The cumulative probability distribution in Figure 5.17 
shows that 50% of the U isotope measurements fall between 3.30 and 5.94, corresponding 
to 235 U enrichments of approximately 76.7% and 85.6%. The lowest measured 235 U/ 238 U 
ratio is 0.02 ± 0.002 (2cr), approximately 2.8 times the natural 235 U/ 238 U ratio, and corre- 
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sponds to approximately a 2% enrichment in 235 U. The highest measured 235 U/ 238 U ratio is 
11.84 ± 0.22 (2cr), corresponding to a 235 U enrichment of approximately 92%. These high 
and low values were observed in measurements of sample U1B and U2, respectively (further 
documented and discussed in [60]). 

The wide observed range in uranium isotope ratios show that these materials are not 
only heterogeneously mixed with respect to major elements, but also with respect to anthro¬ 
pogenic material, as previously reported [57, 60]. The major element heterogeneity is con¬ 
sistent with the mixing of multiple molten minerals or measuring partially-melted/unmelted 
minerals in the host from several endmember compositions present in the soil. In contrast, 
the high U isotope heterogeneity reflects different regions in the fallout incorporating dif¬ 
ferent amounts of anthropogenic U from the device. 235 U/ 238 U, 234 U/ 238 U, and 23 6U/ 238 U 
measurements in fallout from this test have been shown to be consistent with two-component 
mixing between natural U and some enriched U endmember, whose 235 U/ 238 U ratio is at least 
11.84 ± 0.22 [60]. Despite the wide range of measured 235 U/ 238 U ratios within and between 
samples, the unimodality and restricted range of the 25th and 75th percentiles (3.30 and 
5.94; Figure 5.17) highlights that in most of analyzed regions, enriched U has mixed in to a 
similar extent. 


235 U/ 238 U measurements in sample U2 and U3 

There is a buildup of values below a 235 U/ 238 U ratio of «2 because the majority of 235 U/ 238 U 
ratios measured below 2 come from two samples: U2 and U3. Collectively, the SIMS analyses 
on samples U2 and U3 account for 36% of all the SIMS analyses conducted for this study 
(117 out of 323 SIMS analyses). To test for analytical bias, removing these measurements 
from the histogram in Figure 5.17 increases the median from 4.57 to 4.80 (a 5% increase) 
and increases the 25th and 75th percentiles to 3.93 and 6.34, respectively (a 19% and 7% 
increase, respectively; Figure 5.18). 

Excluding the analyses on U2 and U3 do not appreciably change the statistics or the 
observations of the overall U isotope distribution. SIMS measurements on two samples 
account for a large percentage of the overall number of SIMS measurements and a majority 
of the low measured 235 U/ 238 U ratios (36 of the 39 235 U/ 238 U ratios below 2 were measured 
in samples U2 and U3), but these measurements do not appear to greatly bias the overall 
dataset. Instead, U isotope measurements on samples U2 and U3 highlight that while the 
majority of measurements reflect a dominant anthropogenic U composition, there are regions 
in fallout where natural U from the soil strongly contributes to the overall U isotope ratio. 

Following Lewis et al. 2015, assuming two-component isotopic mixing between a natural 
U and an endpoint enriched U end-member with a composition of oralloy [120]: 


n^ = X235-^X238 
n f ^^238 - 3/235 


(5.9) 


where "" represents the relative contribution of U atoms of natural isotopic composition 
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235y^238y 



Figure 5.17: Histogram of all SIMS measurements of 235 U/ 238 U ratios in fallout from this test (top plot). 
The red vertical line denote the median of the measurements. The bin width is 0.50. The bottom plot shows 
a cumulative distribution function of these data. The inter-quartile range, encompassing the central 50% 
of all measurements (all measurements between the 25th and 75th percentile), lie between 235 u/ 238 U ratios 
of 3.30 and 5.94, corresponding to approximate 235 U enrichments of 77% to 86%. Data are tabulated in 
Appendix F. 
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Figure 5.18: Histogram of all SIMS measurements with measurements on samples U2 and U3 separated into 
the blue histogram (top plot) and the cumulative distribution function showing all U isotope measurements 
(in black, as in Figure 5.17) compared with the cumulative distribution function of all U isotope measurements 
if SIMS measurements on samples U2 and U3 are excluded (bottom plot). Data are tabulated in Appendix 
F. 
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to enriched isotopic composition, and X235, # 235 , 2/235, and 2/238 represent the abundances of 
235 U and 238 U in natural U and abundances 235 U and 238 U in or alloy, respectively. 5 . Then 
the ratio where U atoms of natural and oralloy composition equally contribute is: 


n 235 

-2/238 — 

n-238 

n 235 

2/235 = ^235 -^238 

^238 

(5.10) 

it235 r , \ 

- (2/238 + ^238) — .X'235 + 2/235 

™238 

(5.11) 


n 235 _ x 235 T 2/235 
n 238 2/238 + ^238 

(5.12) 


— « 0.90. 

(5.13) 


There were 23 measurements where natural U is calculated as being the dominant con¬ 
tributor to the overall isotope ratio, all of which were in samples U2 or U3 (19 analyses in U2 
and 4 analyses in U3). Assuming two component mixing between natural U and enriched U 
with the composition of oralloy, most regions in fallout are dominated by the anthropogenic 
contribution. However, 23 analyzed regions were dominated by the contribution of U of 
natural isotopic composition. If soil was the only contributor of natural U, these 23 regions 
incorporated U in a portion of the fireball without an appreciable amount enriched U in the 
ambient environment. This may be due to spatial heterogeneity in the fireball. Alternatively, 
these regions may not have been able to effectively incorporate enriched U, possibly because 
they were not thoroughly heated and/or remained too viscous. In the case of sample U2, the 
region in which the low 235 U/ 238 U ratios were measured appears thoroughly and completely 
melted, so low U isotope ratios may be due to forming in a fireball environment with little 
enriched U in the vapor term. The melted region is dominated by isotopically-natural U 
in U2 appears to have collided and partially-mixed with a region that is distinct in both 
major element composition and U isotope ratio (all the 235 u/ 238 U ratios in this region are 
>1, Figure 1.11). In contrast, in the case of U3, low 235 U/ 238 U ratios were measured near 
the center of the sample, around which there appear many partially-melted, composition- 
ally heterogeneous regions (as demonstrated by the frequent, visible partially-melted quartz 
grains). The higher U isotope ratios in U3 were measured towards the sample’s surface, 
which appears compositionally more well-mixed in major elements, and in and around the 
agglomerates that surround the periphery of the sample. All of the U isotope ratios measured 
in the agglomerates or that overlap the compositional interfaces between the agglomerates 

5 Standard radiochemical techniques were used to analyze the U isotopic composition of a piece of oxidized 
oralloy foil, yielding the following atomic abundances: £2,34: 0.0102 ± 0.0002, £235: 0.9317 ± 0.0138, £236: 
0.00443 ± 0.00006, and £ 238 : 0.0538 ± 0.0008 [120]. The calculated ^U/^U ratio is then 17 30 ± 0 .27. 
Given the sal.5% uncertainties reported from this radiochemical analysis, it is reasonable to exclude other 
radionuclides measured in the oralloy, such as 233 U, 237 Np, and the isotopes of Pu, Am, and Th, as the most 
abundant of these species are present at concentrations more than three orders-of-magnitude below 236 U, 
the least abundant of the four U isotopes used in the calculation (3.6 x 10 18 atoms/mL for 236 U compared 
to 1.3 x 10 15 atoms/mL for 237 Np). 
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and host in sample U3 have a higher average U isotope composition than the host, due to 
the low 235 U/ 238 U values measured towards the sample’s center. In the case of U3, it is 
more plausible that the interior regions of the sample were not as thoroughly heated as the 
exterior, preventing U from throughly mixing into the center of sample. 

U isotope measurements by sample 

In contrast to major element compositions, where samples (except for outliers such as FLD25) 
have similar compositions (Figure 4.11 and Table 4.6), grouping the U isotope measurements 
by sample shows that individual samples show large enrichments relative to other samples 
(Figure 5.20). Note that this compilation reflects all measurements in a sample, with no 
separation of agglomerate and host measurements. 

Comparisons of U measurements by sample show that unlike the major element composi¬ 
tion, different samples appear to incorporate vastly different amounts of enriched U, ranging 
from sample U2 with a mean 235 u/ 238 U ratio of 2.49 ± 1.93 (n = 67) to sample FLD4.3 
with a mean 235 u/ 238 U ratio of 9.00 ± 1.27 ( n — 6). Differences in mean 235 u/ 238 U content 
suggests that even while these samples were collected at similar locations from ground zero, 
the distribution of bomb vapor in fireball was highly heterogeneous, and heterogeneously 
incorporated into these samples (Figure 5.20 and Table 5.9). This is further bolstered by 
the bulk dissolution measurements that represent the average 235 U/ 238 U ratio of an entire 
sample, which spans a range from 235 u/ 238 U = 0.012 ± 0.0003 to 9.43 ± 0.04. Therefore, 
the average U isotopic compositions of entire samples are also highly heterogeneous, and the 
observed heterogeneity from the SIMS measurements is not simply an artifact of sampling 
micro-volumes of material with spatially-resolved techniques. Furthermore, the average U 
content of entire samples exhibits a more heterogeneous distribution than the major ele¬ 
ment composition of entire samples (Figure 5.20 and Table 5.9). With respect to major 
elements, the quadrature-summed standard deviation of the entire set of bulk dissolution 
data is approximately half that of the 235 U/ 238 U ratio, 0.85 (18.62% 1RSD) for major ele¬ 
ments compared to 1.63 (30.22% 1RSD) for the 235 U/ 238 U ratio, respectively, indicating that 
from sample to sample, U is much more heterogeneous than the major element composi¬ 
tion. 6 These observations show that the soil term incorporated into the fireball was fairly 
homogeneous (or was homogenized during incorporation) compared to the incorporation of 
condensing species from the cooling fireball plasma. 

Minor isotopes 

Minor isotopes of U ( 234 U and 236 U) were also measured during SIMS analyses performed 
with the IMS-1280 (Figure 5.21). This includes measurements on samples U1A, U1B, U2, U3, 

6 The quadrature-summed standard deviation for major elements is defined here as ME lcr = 
^/ 1 / 8 ( <7 Si0 2 + °A1 2 0 3 + °Na 2 0 + °K 2 0 + °CaO + °FeO + °Ti0 2 + °M g o)- 
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Figure 5.19: False color compositional maps of samples U2 (left) and U3 (right) where each of the RGB 
channels shows a different composition. For sample U2, red shows Ca, green shows K, and blue shows Si. 
These elements were selected to highlight the compositional differences between the two distinct regions. 
For sample U3, red shows Ca, green shows Al, and blue shows Si. These elements were selected to highlight 
the agglomerates present at the periphery of the sample, as well as partially-melted mineral compositions. 
The greener regions in U3 contain many partially-melted quartz grains, which appearing as blue shapes with 
regular boundaries in the composite image. The yellow squares and white circles correspond to IMS-1280 and 
IMS-3f measurements, respectively, where the 235 U/ 238 U ratio reflects a dominant natural U contribution, 
assuming a two component mixing between natural and enriched U end-members (see text). Data are 
tabulated in Appendix F. 
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Figure 5.20 : 235 U/ 238 U measurements in each sample (includes measurements of agglomerates, hosts, and 
over interfaces). Bulk refers to dissolution-based ICP-MS measurements of whole samples of glassy fallout 
from Eppich et al. (2014). The range of bulk U isotope measurements is also shown by the partially- 
transparent box. Summary statistics for this plot are given in Table 5.9. Data are tabulated in Appendix 
F. 

U4, FLD15, FLD16, FLD18, and FLD20. The analytical conditions of these measurements 
are described above in Section 5.2. 

A subset of these plots that only included U-series analyses were reported by Lewis et 
al. (2015) and demonstrated that three isotope plots of both 234 u/ 238 U vs. 235 u/ 238 U and 
236 U/ 238 U vs. 235 U/ 238 U are highly linear, consistent with mixing between natural and en¬ 
riched end-members (R 2 of 0.998 and 0.997, respectively). The plots in Figure 5.21 also 
include three measurements overlapping the interface between agglomerates and the host 
in sample U3, which plot on the same line as other host measurements and are indistin¬ 
guishable from the all the other measurements shown. Therefore, the agglomerates (and the 
compositional interfaces, if enriched) are incorporating U from the same enriched U source, 
consistent with the host SIMS measurements. 

From an analytical perspective, the minor isotope measurements highlight the robustness 
of the standard-based comparison for these SIMS measurements. The 234 U/ 238 U measure¬ 
ments in Figure 5.21 show measurements from nine samples, five of which were characterized 
using the IMS-1280 at LANL in 2013 and three of which were characterized using the same 
instrument in 2015. The consistency of the linear correlation across analytical sessions sug¬ 
gests that the standard corrections performed to account for instrumental bias are sufficient 
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235U/238U 



Figure 5.21: Three isotope plots of 234 U/ 238 U vs. 235 U/ 238 U (top panel) and 236 U/ 238 U vs. 235 U/ 238 U 
(bottom panel) from SIMS measurements in fallout. Red points correspond to the three measurements 
performed in agglomerates or over interfaces. There were 172 SIMS measurements of 234 U in nine samples, 
five of which were analyzed in 2013 and three of which were analyzed in 2015. There were 106 SIMS 
measurements of 236 U in five samples, all of which were analyzed in 2013. All three agglomerate/interface 
SIMS measurements follow the strongly linear trend of the host measurements, indicating agglomerates 
incorporated enriched and natural U end-members similarly to host objects. Data are tabulated in Appendix 
F. 
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Table 5.9: Mean 235 U/ 238 U measurements by SIMS grouped by sample (includes data collected in both host 
objects and their associated agglomerates). Bulk data refers to dissolution-based ICP-MS measurements of 
whole samples of glassy fallout reported by Eppich et al. (2014). Individual measurements are shown in 
Figure 5.20. Data are tabulated in Appendix F. 


Mean 



Sample 

n 

235 ^/238|j- 

la 

1 

U4 

35 

4.40 

1.18 

2 

U3 

50 

3.64 

1.57 

3 

U2 

67 

2.49 

1.93 

4 

U1B 

35 

7.36 

1.01 

5 

U1A 

3 

3.48 

0.38 

6 

FLD43 

6 

9.00 

1.27 

7 

FLD23 

18 

4.46 

0.31 

8 

FLD20 

5 

4.13 

1.12 

9 

FLD18 

12 

4.69 

1.21 

10 

FLD17 

5 

4.53 

0.49 

11 

FLD16 

36 

5.54 

1.46 

12 

FLD15 

15 

3.58 

0.40 

13 

FLD14 

14 

4.57 

0.56 

14 

FLD10 

13 

7.08 

0.96 

15 

Bulk 

28 

5.62 

1.27 


to account for different instrumental conditions across analytical campaigns. 


5.4 U isotope measurements in hosts and 
agglomerates 

Unlike the major element compositions, where agglomerate compositions were a subset of 
host compositions, separating out SIMS measurements performed in agglomerates (including 
those that overlap interfaces between agglomerates and hosts) from those in hosts reveals 
two distinct distributions (Figure 5.22). 7 Host measurements span the widest range of U 
isotope values and exhibit the lowest overall enrichment, from 235 u/ 238 U = 0.02 ± 0.002 
(the minimum of all measurements reported in this study) to 8.70 ± 0.09. In contrast, 
the minimum agglomerate measured 235 U/ 238 U ratio is almost 200 times greater than the 
minimum measured host 235 U/ 238 U ratio, and the maximum agglomerate 235 U/ 238 U ratio is 

7 Note that the sum of the host and agglomerate measurements is 283, less than the 323 total SIMS 
measurements (Figure 5.22). This is because some samples were polished and re-coated, which removed 
some of SIMS craters such that whether they were made in a host or agglomerate could not be verified, 
and so are excluded. The analyses most impacted by this are the LLNL measurements on U1B performed 
in 2012 and the LANL measurements of samples U4 performed in 2013, both of which are documented in 
Lewis et al. (2015) and include the maximum 235 u/ 238 U ratio measured in these samples, 11.84 ± 0.22. 
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1.2 times greater than the maximum measured host 235 U/ 238 U ratio (from 3.68 ± 0.09 to 
10.54 ± 0.33). 

As an ensemble, agglomerates exhibit a greater overall U isotope enrichment than the host 
objects. The median of the 235 U/ 238 U measurements for the agglomerates is approximately 
22% higher than the median of the host objects (medians of 5.11 and 4.18, respectively; 
the differences between the means is greater with mean 235 U/ 238 U ratios of 5.77 and 4.04, 
respectively). The 25th and 75th percentiles of the 235 u/ 238 U measurements in the hosts and 
agglomerates span a range (75th percentile - 25th percentile) of 2.51 and 2.15, respectively, 
suggesting host objects incorporated enriched U more variably than characterized agglom¬ 
erates. Fifty percent of the agglomerate and host 235 U/ 238 U ratios span from 4.41 (25th 
percentile) to 6.56 (75th percentile) and 2.83 (25th percentile) and 5.35 (75th percentile), 
respectively. 

U isotope measurements by agglomerate and host 

Figure 5.24 distinguishes 235 U/ :238 U ratio measurements performed in the host from those 
obtained in the agglomerate, and those that overlaps the compositional interface. The mea¬ 
surements that overlap interfaces were included with the agglomerate measurements when 
calculating the agglomerate U isotope composition. Interface measurements will be discussed 
further in Chapter 8. When these interfaces are enriched in Ca, Mg, and Fe (and subse¬ 
quently 235 U), they increase the overall calculated composition of an agglomerate by <10%. 
However, when this type of compositional interface is absent, they may increase or decrease 
the calculated U isotope composition of the agglomerate depending on whether the host 
object is enriched in U relative to the agglomerate. Such enrichments and depletions are 
also limited to a maximum of a 10% (from a total of six such measurements). 

For completeness, Figure 5.24 shows four additional samples not included in Figure 5.20, 
samples AH.E, AG.D, AE.C, and AA.B [67, 68]. Instead of processing raw data from the 
SIMS analyses, these data were extracted from the electronic annex provided by Weisz et 
al. (2016), which show the data from line scans of NanoSIMS rasters over compositional 
interfaces. To separate these NanoSIMS traverses into measurements obtained in the host or 
in an agglomerate, the 54 Fe/ 30 Si ratio as a function of distance was plotted (see the right panel 
of Figure 1.9) to determine the location of the interface. All the 235 U/ 238 U points from the 
baselines from both sides of the interface (the left side corresponding to the agglomerate and 
the right side corresponding to the host) were selected and averaged. The points in Figure 
5.24 represent the mean and standard deviation of those baseline points for the agglomerates 
and hosts for samples AH.E, AG.D, AE.C, and AA.B. There is no host for sample AA.B 
because the analyzed interface was between two agglomerates attached to each other (B1 
attached to B2) and one surface agglomerate (B3) residing at the surface of agglomerate B2. 
The large standard deviations reflect the poor counting statistics resulting from partially 
extracting data from a line scan across a NanoSIMS raster (instead of averaging the entire 
raster to obtain the 235 U/ 238 U ratio). 
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Figure 5.22: Histogram of 235 U/ 238 U measurements separated out into whether they were performed in 
an agglomerate (including overlapping compositional interfaces) or in the host objects (top plot). The 
bottom plot shows two cumulative distribution functions comparing the host and agglomerate 235 U/ 238 U 
distributions. There are no 235 U/ 238 U measurements in the agglomerates below ~3.68, while approximately 
39% of all the host measurements fall below this value. Data are tabulated in Appendix F. 
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Table 5.10: Mean host and agglomerate U isotope compositions, and the deviation of the mean agglomerate 
composition from the mean composition of its host. For n = 1, the 2a uncertainty of the single measurement 
was used. Otherwise, the la represents 1 standard deviation of the mean of the measurements in that 
object. Asterisks denote that the SIMS measurements that include SIMS measurements that also sampled 
the compositional interface and/or the host object in addition to the agglomerate. Data are tabulated in 
Appendix F. 


Host Agglomerate Si Interfaces 


Sample n 235 U/ 238 U Agglomerate n 23S U/ 238 U p> ev (%) 


AE.C 1 5.73 

AG. D 1 6.27 

AH. E 1 7.68 

FLD10 10 6.98 

FLD14 11 4.71 

FLD17 2 4.72 

FLD18 10 4.42 

FLD23 4 4.76 


FLD4.3 1 7.18 

U1B 12 7.11 

U3 40 3.31 

U4 11 3.44 


“068 Cl r 

C2 1 

1.25 D2 1 

3.59 El 1 

0.84 FLD10.L 3* 

0.52 FLD14.1 1 

FLD14.L 2* 

0.19 FLD17.int.l 3* 

0.52 FLD18.1 1* 

FLD18.2 1 

0.29 FLD23.1.1 1 

FLD23.1.2 1 

FLD23.1.3 1 

FLD23.2.1 1 

FLD23.2.2 1 

FLD23.3.1 1 

FLD23.3.2 1 

FLD23.4.1 1 

FLD23.4.2 1 

FLD23.5.1 1 

FLD23.L 2* 

0.31 FLD4.3.1 1* 

FLD4.3.2 1 

FLD4.3.3 2* 

FLD4.3.5 1* 

0.71 U1B.2 1 

U1B.L 3* 

1.53 U3.1 1 

U3.2 1 

U3.3 1* 

U3.4 1* 

U3.5 1* 

1.19 U4.1 4 

U4.2 2 

U4.3_2 


6.56 0.88 14.46 

6.23 1.51 8.74 

6.12 1.60 -2.43 

7.42 1.17 -3.47 

7.42 1.48 6.36 

4.41 0.10 -6.38 

3.85 0.24 -18.26 

4.40 0.63 -6.83 

3.86 0.11 -12.78 

8.19 0.40 85.16 

4.42 0.13 -7.10 

4.43 0.01 -6.97 

4.26 0.36 -10.60 

4.31 0.13 -9.40 

4.28 0.14 -10.14 

4.31 0.12 -9.59 

4.67 0.14 -2.02 

4.67 0.15 -1.86 

4.78 0.15 0.39 

4.33 0.13 -9.16 

4.06 0.38 -14.70 

9.87 0.77 37.58 

9.76 0.31 36.02 

9.52 1.44 32.63 

8.13 0.38 13.37 

6.80 0.41 -4.45 

8.22 0.20 15.53 

4.90 0.11 48.12 

4.47 0.11 35.12 

4.58 0.04 38.59 

5.71 0.07 72.67 

4.41 0.05 33.44 

5.98 0.23 73.86 

5.08 1.08 47.78 

5.51 0.49 60.13 


Two important trends are observed between agglomerates and hosts (Figure 5.27 and 
Table 5.10). First, agglomerates are not significantly different in U isotope composition from 
their associated host objects. Second, agglomerates attached in the same location (i.e., ex¬ 
terior, surface, or interior) in the same host tend to exhibit similar isotopic ratios. These two 
observations mirror observations of the major element compositions of agglomerates com¬ 
pared with their hosts (Figure 4.14 and Table 4.9), strengthening the argument that host and 
agglomerate objects formed and collided in a localized environment. Similarly, agglomerates 
within the same sample tend to exhibit similar U isotope ratios. For example, agglomerates 
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FLD23.1.1 - FLD23.5.1 in sample FLD23 are a collection of ten surface agglomerates. The 
mean 235 u/ 238 U ratio of these agglomerates is 4.41 ± 0.21 (la; 1RSD <5%). Similarly, the 
four characterized agglomerates in FLD4.3 (FLD4.3.1, FLD4.3.2, FLD4.3.3, and FLD4.3.5) 
have a mean 235 u/ 238 U ratio of 9.32 ±0.80 (la; 1RSD <10%). This suggests that agglomer¬ 
ates associated with a given host object likely formed under similar conditions and at similar 
times in the fireball. 

Notable exceptions to this trend are found in the agglomerates that have different lo¬ 
cations of attachment in the same sample (e.g., a surface agglomerate compared to an in¬ 
terior agglomerate in the same sample). Examples of this are observed in samples FLD14 
(FLD14.L and FLD14.1), U1B (U1B.L and U1B.2), FLD23 (the exterior-attached agglomer¬ 
ate FLD23.L and all the surface agglomerates), U4 (U4.1 and U4.3 are surface agglomerates, 
while U4.2 is an interior agglomerate) and FLD18 (FLD18.1 is attached at the exterior and 
FLD18.2 is an interior agglomerate). In these cases, the agglomerates attached in different 
locations in the host may have collided at different times and temperatures, and therefore, 
when the U isotope composition of the local fireball environment was different. In host object 
FLD14, FLD14.L is an exterior-attached agglomerate and is depleted relative to FLD14.1, 
which resides of the surface at FLD14 (FLD14.L and FLD14.1 have mean 235 u/ 238 U ratios 
of 3.85 ± 0.24 and 4.41 ± 0.10, respectively). Due to FLD14.1’s location at the surface of 
FLD14, FLD14.1 likely collided with FLD14 earlier in time (when FLD14 was more molten), 
whereas FLD14.L must have attached at a time closer to the closure of FLD14. FLD18.2, 
an agglomerate that is completely incorporated into FLD18, is greatly enriched relative to 
FLD18.1, an exterior agglomerate. This morphological relationship suggests an earlier incor¬ 
poration time for FLD18.2 than FLD18.1. U1B.L is also fully incorporated into the interior 
of its host, U1B. Similar to agglomerates FLD18 and FLD14, U1B.L is enriched relative to 
U1B.2, a surface agglomerate, which likely collided with U1B later in time, preventing it from 
being fully incorporated. All of the FLD23 surface agglomerates (FLD23.1.1-FLD23.5.1) 
share similar U isotope compositions, but are relatively enriched (but within one standard 
deviation of) the exterior agglomerate FLD23.L ( 235 U/ 238 U = 4.06 ± 0.38). 8 Morphology 
and relative location (observed using compositional maps) show that FLD23.L must have 
collided and coalesced later with FLD23 than at least one of these agglomerates, FLD23.3.2, 
which is bound on one side by the the interface with FLD23.L and the host FLD23 (Figure 
5.23). Finally, U4.2 ( 235 u/ 238 U = 5.08 ± 1.08), an interior agglomerate is within one stan¬ 
dard deviation of the U isotopic composition of surface agglomerates U4.1 and U4.3. In the 
case of U4, the fully incorporated agglomerate does not always appear more enriched than 
the less incorporated agglomerates. 

Collectively, these four samples (excluding sample U4, where the interior agglomerate 

8 The reported U isotope composition of FLD23.L includes two SIMS measurements in FLD23.L, one 
within the agglomerate and one that overlapped the interface and significantly sampled the host FLD23 in 
addition to the agglomerate. Only including the measurement within FLD23.L, the measured 235 U/ 238 U 
ratio is 3.79 ± 0.08. The SIMS measurement over the interface between FLD23.L and FLD23 has a measured 
235 U/ 238 U ratio of 4.33 ± 0.11. The mean and standard deviation of these two measurements is the reported 
235 U / 2 38 U ratio: 4.06 ± 0.38. 
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Figure 5.23: An A1 compositional map showing agglomerates FLD23.L, FLD23.3.1, and FLD23.3.2 in sample 
FLD23. Agglomerate FLD23.3.2 is bound by the host and FLD23.L, so it must have collided with FLD23 
prior to the agglomeration of FLD23.L. 

does not show a 235 U enrichment relative to the surface agglomerates) suggest that agglom¬ 
erates that collided and incorporated into their hosts earlier in time may have generally 
incorporated more U and more enriched U than agglomerates colliding and coalescing with 
the host object later in time. This could result from U condensing from the cloud earlier in 
time, while the vapor term in the fireball contained a greater density of enriched U. These 
earlier agglomerates served as condensing surfaces for the enriched U, after which latter 
agglomerates pass through a vapor environment less enriched in refractory device material. 
Bolstering this argument, the measured agglomerates in FLD4.3 are all interior agglomer¬ 
ates, are all enriched relative to their host, and contain the highest measured U isotope ratios 
in this study (Table 5.10). 

Deviations in U isotope measurements between agglomerates and 
their hosts 

As was observed with major element compositions, comparing the U isotope composition of 
agglomerates directly to their hosts ( e.g ., the U isotope composition of agglomerate U1B.L 
to sample U1B) shows that statistically, agglomerates are not grossly different than hosts 
(Figure 5.25 and Table 5.10). The median deviation of an agglomerate’s U isotopic compo¬ 
sition relative to its host is +0.4% (Figure 5.25), well within the 2a uncertainty of a single 
U isotope measurement. Collectively, the U isotopic composition of the agglomerates is no 
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Figure 5.24: 235 U/ 238 U isotopic measurements separated by sample and location of measurement (n=302). 
Different markers refer to whether isotopic measurements were performed in the host, in an agglomerate, 
or overlapping a compositional interface between a host and agglomerate. Analyses over interfaces (blue 
triangles) are included when calculating agglomerate compositions. Data are tabulated in Appendix F. 


different than the hosts they are attached to. 

However, the distribution of deviations is not symmetric about 0. While the majority 
of deviations lie between -20% and +20% (27 of the 35 agglomerates, or 77%), deviations 
greater than 20% occur only as positive deviations, as demonstrated by the mean deviation 
being +15.0%, compared to the median deviation of +0.4%. The maximum deviation of 
an agglomerate from its host is observed in FLD18.2 from sample FLD18, which has an 
85% higher measured 235 U/ 238 U ratio than the average of the host measurements in FLD18 
(8.19 ± 0.40 and 4.42 ± 0.52, respectively). The most negative deviation is observed in 
the externally-attached agglomerate FLD14.L, where the 235 U/ 238 U isotopic composition is 
18% lower (average of two measurements, one in the agglomerate and one over the interface) 
than the average U isotopic composition of host FLD14. As will be discussed in Chapter 
8 , the compositional interface of FLD14.L is enriched in 235 U/ 238 U, which actually increases 
the average calculated composition of the agglomerate by approximately 5% (the 235 U/ 238 U 
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ratio of FLD14.L is 3.85 ± 0.24 with the interface measurement included and 3.68 ± 0.09 
with the interface measurement excluded). 



-25 0 25 50 75 100 

Agglomerate 235 u/ 238 u deviation from host (%) 


Figure 5.25: Histogram showing the deviations of the mean U isotope composition of each agglomerate from 
the mean U isotope composition of its host. Bins are 10% wide. The vertical line denotes the median 
deviation of 0.4%. Data are tabulated in Table 5.10. 


Agglomerate U content and size 

The samples in this study are glassy, millimeter-scale objects, and have major element com¬ 
positions reflective of soil. Aircraft flying through the debris cloud after nuclear events have 
also collected small (micron scale), highly radioactive fallout particles on air filters [121], 
These different size fractions of fallout may be formed by fundamentally different processes 
( e.g ., condensation of the ambient vapor into a soil melt versus direct vapor condensation of 
material). Fallout from surface bursts are modeled as reflecting the Heft distribution (Figure 
1.2). In the Heft distribution, fallout objects are interpreted as a convolution of log-normal 
distributions as a function of diameter, where local fallout from ground collections generally 
being glassy and >10 /i, while air filter collections are not necessarily glassy and range from 
<1 n to >100 n m. These populations are not only different because of their size, but also 
because of the partitioning of radionuclides among them. Volatile radionuclides are relatively 
enriched in smaller particles that reside longer in the fireball, and larger, glassy fallout par¬ 
ticles are relatively enriched in refractory species [122], It is the collision and agglomeration 
of these two populations that Freiling hypothesized [23] as possibly being responsible for the 
deviation between Miller’s and Norman and Winchell’s fractionation model and experimen¬ 
tal data [50], which showed that actual, millimeter-scale fallout samples were more enriched 



CHAPTER 5. BOMB VAPOR CONTRIBUTIONS TO FALLOUT 


175 


in volatile species more than either theory predicts (Figure 1.7). According the Heft distri¬ 
bution theory, agglomerates smaller than 100 /xm could be derived from the cloud population 
or the local fallout population. In actuality, these populations refer to how these samples 
were collected (ground collects versus air filter collects) and not how they formed. That said, 
smaller particles may preserve evidence being formed of through a different physical process 
(such as the directly condensation vaporized material). 

In this study, the smallest agglomerates (~50 /irn) exhibit two distinct behaviors with 
respect to U enrichment (Figure 5.26 and Table 5.11). These two groups come from two 
different samples, FLD4.3 and FLD23. The agglomerates from FLD23 are slightly depleted 
in their measured 235 U/ 238 U ratios relative to the host, with a mean depletion of -6.5%. Their 
235 U/238u ratios are reflective of the median of the entire set of 32 3 235 U/ 238 U measurements 
(the mean of FLD23 agglomerates less than 50 /r in diameter is 4.45 ± 0.20 compared to 
the overall median of 323 U isotope measurements of 4.57). In contrast, the agglomerates 
from FLD4.3 show a large enrichment relative to their host, being enriched on average by 
+29%. Furthermore, the enriched population of small characterized agglomerates in FLD4.3 
are all internal agglomerates, but the population of small characterized agglomerates in 
FLD23 are surface agglomerates. These two clusters suggest the possibility of two formation 
modes. The agglomerates in FLD4.3 likely formed from a vapor-dominated composition that 
incorporated into the host relatively early in the fallout formation process (while the host 
object was more molten). The agglomerates in FLD23 formed later in time, possibly from 
the breakup of a larger melt. This would explain why the U isotope composition of the 
FLD23 agglomerates are more reflective not only of the host FLD23, but also of the median 
of the collection of U isotope measurements. At sizes greater than 50 /im, the U isotope 
measurements of these groups disappear, and agglomerates become more reflective of the 
heterogeneities observed in bulk measurements (Figure 5.26). 


5.5 U isotopes and major element composition 

Major element composition of SIMS analysis locations compared 
to host grid analyses 

After a SIMS analysis, EDS was used to measure the major element composition in (if the 
SIMS analysis crater was shallow enough) or adjacent to the SIMS crater to create a combined 
major element and U isotopic composition dataset (Figure 4.6; data discussed in Chapter 
6 and are tabulated in Appendix G). Compared with the host KDEs presented in Chapter 
4 (Figure 4.10), the compositions of the regions analyzed by SIMS lie primarily within the 
body of each of the major element KDEs. This reflects that SIMS analyses were primarily 
performed in glassy regions of fallout and not in the partially-melted/unmelted compositions 
that occupy the long tails of the KDEs (except for Na 2 0, discussed below; Figure 5.27). 
There are two exceptions that have been excluded from Figure 5.27 to maintain the scaling 
used on previously shown KDE plots (Figures 4.10, 4.11, and 4.13) and ease comparison 
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Figure 5.26: Plot of average 235 U/ 238 U ratio versus equivalent diameter for 35 different agglomerates char¬ 
acterized with SIMS. Shape and color refer to the location of the agglomerate (attached at the exterior, 
bounded by sample and the sample’s surface, or fully incorporated into the sample; Figure 3.1). Data are 
tabulated in Table 5.11. 


between them. These two SIMS analyses were conducted in high Ca regions in the hosts of 
samples U3 and FLD16 (Table 5.12). 

There is a shift in the measured Na20 compositions towards lower values for the compo¬ 
sitions measured of the SIMS regions relative to the host KDE (Figure 5.27). This likely due 
to the volatilization of Na by the SIMS analysis and/or the topography of the crater. Mea¬ 
sured major element compositions of three SIMS craters from sample U1A highlights this 
effect (Figure 5.29). Each point in Figure 5.29 represents the mean of three measurements 
either within or adjacent to SIMS crater (as noted in the legend) and the error bars are 
two times the standard deviation of these three measurements. All non-Na 2 0 compositions, 
except for a single K 2 0 composition (whose values differ by less than 5%), are within 2cr. In 
contrast, the Na 2 0 concentration, decreases by an average of 36% when EDS measurements 
are taken within the crater compared to when they are taken adjacent to the craters. As 
a result, while the Na 2 0 measurements of the SIMS analyses are reported in Appendix G, 
they are not used in any analysis of combining major element compositions and U isotope 
measurements. 
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Figure 5.27: Major element compositions measured by EDS of within/adjacent to SIMS analysis craters 
(diagram shown in Figure 4.6) compared with the host KDEs (Figure 4.10). The deviation in the Na20 
measurements is likely due to the topography of the SIMS craters and/or Na volatilization during the 
SIMS analysis, and while reported in Appendix G, are not included in any analysis of the combined major 
element/U isotopic composition dataset in this dissertation. Data are tabulated in Appendix G. 
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Table 5.11: Mean U isotope composition of agglomerates characterized by SIMS sorted by equivalent diam¬ 
eter. U isotope data are tabulated in Appendix F. 


Sample 

Agglomerate 

Equivalent 
diameter (/un) 

235 U ^238 U 

1(7 

Attachment 

location 

FLD23 

FLD23.3.2 

17 

4.67 

0.14 

Surface 

FLD23 

FLD23.2.1 

21 

4.31 

0.13 

Surface 

FLD23 

FLD23.2.2 

31 

4.28 

0.14 

Surface 

FLD4.3 

FLD4.3.1 

39 

9.87 

0.77 

Interior 

FLD23 

FLD23.3.1 

40 

4.31 

0.12 

Surface 

FLD4.3 

FLD4.3.2 

41 

9.76 

0.31 

Interior 

FLD4.3 

FLD4.3.5 

41 

8.13 

0.38 

Interior 

FLD23 

FLD23.4.1 

42 

4.67 

0.15 

Surface 

FLD23 

FLD23.4.2 

43 

4.78 

0.15 

Surface 

FLD23 

FLD23.1.1 

46 

4.42 

0.13 

Surface 

FLD23 

FLD23.1.3 

47 

4.26 

0.36 

Surface 

FLD23 

FLD23.1.2 

47 

4.43 

0.01 

Surface 

FLD4.3 

FLD4.3.3 

53 

9.52 

1.44 

Interior 

FLD23 

FLD23.5.1 

60 

4.33 

0.13 

Surface 

FLD18 

FLD18.1 

60 

3.86 

0.11 

Attached 

U1B 

U1B.2 

84 

6.80 

0.41 

Surface 

FLD17 

FLD17.int.l 

111 

4.40 

0.63 

Interior 

FLD18 

FLD18.2 

124 

8.19 

0.40 

Interior 

U3 

U3.4 

125 

5.71 

0.07 

Surface 

U3 

U3.1 

134 

4.90 

0.11 

Surface 

U3 

U3.5 

146 

4.41 

0.05 

Surface 

FLD14 

FLD14.1 

157 

4.41 

0.10 

Surface 

AH.E 

El 

178 

7.42 

1.17 

Attached 

U3 

U3.2 

191 

4.47 

0.11 

Surface 

U1B 

U1B.L 

195 

8.22 

0.20 

Interior 

AE.C 

Cl 

200 

6.56 

0.88 

Attached 

AE.C 

C2 

207 

6.23 

1.51 

Attached 

U3 

U3.3 

262 

4.58 

0.04 

Surface 

AG.D 

D2 

283 

6.12 

1.60 

Attached 

U4 

U4.2 

335 

5.08 

1.08 

Interior 

U4 

U4.3 

465 

5.51 

0.49 

Surface 

FLD23 

FLD23.L 

498 

4.06 

0.38 

Attached 

U4 

U4.1 

553 

5.98 

0.23 

Surface 

FLD14 

FLD14.L 

856 

3.85 

0.24 

Attached 

FLD10 

FLD10.L 

1089 

7.42 

1.48 

Attached 


Table 5.12: Major element compositions excluded from Figure 5.27 due to anomalous CaO (see text). Major 
elements oxides are presented in weight percent. 

Sample Si0 2 1 a A1 2 Q 3 Iff Na 2 Q 1 a K 2 Q Iff CaO la FeO la TiQ 2 Iff MgO la 

FLD16 62.41 2.64 13.47 0.68 3.08 0.23 2.84 0.11 12.08 0.48 3.77 0.19 0.38 0.11 1.05 0.15 

U3 57.92 1.37 7.87 0.26 2.05 0.14 1.26 0.09 25.04 0.99 3.55 0.06 0.20 0.03 1.05 0.02 


The correlation between U isotope heterogeneity and major 
element heterogeneity 

Compositional homogeneity is strongly correlated with U isotopic homogeneity (Figure 5.31), 
such that samples that are well-mixed with respect to major elements tend to also be well- 
mixed with respect to U isotopes. The 235 U/ 238 U lcr (absolute standard deviation) for 
all the host measurements in a single sample plotted against the standard deviation of 
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Figure 5.28: SE image showing how EDS rasters were collected to measure the composition within (left 
image) or adjacent to (right image) a SIMS analysis crater (data shown in Figure 5.29). The left panel 
shows three successive, overlaid rasters the right panel shows three EDS rasters adjacent to a SIMS analysis 
crater in the host of U1A from a IMS-1280 analysis. A combination of these approaches were used to 
characterize the composition of the regions analyzed with SIMS depending on the topography of the SIMS 
analytical crater (as shown in Figure 4.6). Although reported in Appendix G and not used for analysis of 
the combined major element/U isotopic dataset in this dissertation, if the analyzed region within the SIMS 
crater from successive, overlapping EDS raster analyses volatilized Na20 from analysis to analysis, the first 
Na20 composition was used as the measured value with the reported ler uncertainty taken to be the standard 
deviation of the Na 2 0 values of the three measurements. 


the major element compositions (added in quadrature) of those SIMS analytical craters as 
measured by SIMS (excluding the Na 2 0 composition) highlights this observation. 9 The 
samples shown in Figure 5.31 were filtered to include only those with ten or more SIMS 
measurements in the hosts, to ensure the hosts were extensively characterized. Samples U2 
and U4 (showcased in Figure 1.11 and discussed in [60]) were also excluded because their 
compositional heterogeneity is due to the incomplete mixing of two different melts with 
distinct major element and U isotope compositions that collided instead of the incomplete 
mixing of single melt. Therefore, Figure 5.31 shows U isotopic heterogeneity as a function 
of the total major element heterogeneity for well-characterized hosts that appear to have 
behaved as a single melt. 

The most compositionally homogeneous samples shown in Figure 5.31 are FLD15, U1B, 
and FLD18. FLD15 and U1B exhibit flow-banding on the scale of the sample size, suggesting 
that physical mixing resulted in compositional homogenization (Figure 5.30). FLD18 also 

9 The standard deviations of the EDS measurements are the standard deviations from 
the means of entire agglomerate measurements added in quadrature: Major element la = 

^/V 7 (4o 2 + 4i 2 Q 3 + 4 2 Q + 4aO + 4eO + 4iQ 2 + ^Mgo)' 
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Figure 5.29: Major element compositions measured using EDS rasters within (circles) and adjacent to 
(squares) three IMS-1280 SIMS craters on sample U1A. Measurements within the SIMS crater were over¬ 
laid, successive analyses, while the measurements adjacent to the SIMS craters were conducted in different 
regions around the crater (as shown in Figure 5.28). Measurements represent the mean and 2 times the 
standard deviation of three measurements. Note the scale differences on the y-axes. All non-Na20 analyses 
(except one K2O analysis from SIMS analysis U1A-LANL@0, which is less than 5% different than the in 
and adjacent crater measurements) are within two standard deviations of each other. This suggests that 
EDS measurements within SIMS craters only affected the Na20 measurements. While the measured Na20 
compositions from within/around SIMS analytical craters are tabulated in Appendix G, Na20 is dropped 
from all analyses of the combined major element/U isotopic dataset in this dissertation. 
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contains these large scale, compositionally-homogeneous regions, but has smaller, more het¬ 
erogeneous regions that appear partially-melted, and many of the high Si0 2 regions contain 
diffuse boundaries, suggestive of partially-melted quartz. In sample U3, the flow-banding is 
present at a smaller-scale, suggesting more localized mixing (Figures 5.30 and 5.19). Fur¬ 
thermore, U3 contains many high Si0 2 regions that appear to be partially-melted quartz, 
suggesting that this sample may not have been as thoroughly or extensively heated. These 
compositional textures may make sample-scale convective mixing prohibitive due to the high 
viscosity and/or of the lower heating temperature or duration. 



Figure 5.30: A1 compositional maps of samples U1B (left panel) and U3 (right panel). Note the large-scale 
flow-banding in U1B and relatively even brightness of the A1 map (excluding the black regions, which are 
high Si0 2 regions and the compositional interfaces) compared to sample U3. The large round black regions 
clustered towards the center of U3 are voids, which are much more abundant in U3 than U1B (which has 
two ~50 pm voids visible near its center). 

The observations in the most compositionally homogeneous and heterogeneous (and sub¬ 
sequently homogeneous and heterogeneous with respect to U isotopes) samples shows that 
physical mixing is the best explanation for thoroughly incorporating enriched U into these 
samples. At a given temperature, lower viscosity compositions may more effectively homog¬ 
enize anthropogenic U that condenses from the vapor phase into the melt. 

The correlation between major element homogeneity and U isotopic homogeneity jus¬ 
tifies extrapolating from relatively few SIMS measurements within agglomerates. Using 
EDS-measured compositions of the entire agglomerate ( i.e ., 10 pm rasters spaced approx¬ 
imately 10-15 pm apart across the entire exposed area of the agglomerate, instead using 
only compositions measured within SIMS craters), all agglomerates characterized with both 
EDS and SIMS have a major element standard deviation <1 (Figure 5.31). The fit obtained 
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Figure 5.31: Plot of the standard deviation in U isotope ratio ( 235 U/ 238 U la) of select host objects (n > 10) 
versus the standard deviation of EDS-measured major element compositions (“ME la” in plot legend and 
text; excluding Na20) within/around SIMS craters in hosts with ten or more combined major element/U 
isotope analyses ( i.e ., well characterized hosts). The blue line is a fit to the six host data points. The red 
points are the predicted 235 U/ 238 U lcr for agglomerates using their calculated major element standard devi¬ 
ation. To calculate the major element standard deviations, the standard deviation of each of the individual 
major element oxides are summed in quadrature (excluding Na 2 0; see text). Host objects that appear to 
have formed as the result of the collision and mixing of two distinct compositions {i.e., samples U2 and U4) 
are excluded. This plot is generated using data tabulated in Appendix G 


from the host SIMS measurements and the compositions of these craters is used to pre¬ 
dict the 235 U/ 238 U standard deviation for agglomerates (shown as the red points in Figure 
5.31). Except for agglomerate D2, all agglomerates have a predicted 235 U/ 238 U standard 
deviation of <1 as well. Excluded from Figure 5.31, agglomerate D2 is an exterior agglom¬ 
erate of sample AG.D, with a major element lcr = 2.61 and predicted 235 U/ 238 U lcr = 2.05. 
The heterogeneity in this agglomerate is due to a single EDS measurement in a high Si0 2 
region, likely partially-melted quartz, within the agglomerate. Excluding this single EDS 
measurements (i.e., restricting composition measurements to the glassy regions instead of 
an incompletely melted mineral), reduces the major element standard deviation to 0.93 and 
predicted 235 U/ 238 U standard deviation to 0.85, within the range of all other agglomerates 
characterized by EDS and SIMS. 
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5.6 Conclusion 

U isotope measurements in fallout reveal several previously unreported observations about 
fallout, hosts, agglomerates, and their formation processes. Fallout from this population 
is not only well-mixed with respect to major elements (Figure 4.10 and Chapter 4), but 
also in U isotope composition (Figure 5.17). The complete suite of 235 U/ 238 U measurements 
results in a quasi-unimodal distribution (n=323) with a median of 4.57, or approximately 
82% enriched in 235 U (Figure 5.17). Three isotope plots of 234 U/ 238 U and 236 U/ 238 U vs. 
235 U/ 238 U show strong linear correlations (R 2 = 0.998 and 0.997, respectively), continuing 
to support an interpretation of two component mixing with between natural and enriched 
end-members from this test (Figure 5.21) [60]. Assuming the enriched end-member has 
the composition of oralloy, the majority of 235 u/ 238 U measurements (300 of the 323) are 
dominated by contributions from this enriched source (presumably the device’s fuel). Onlyl 
23 measurements (measured in sample U2 and U3) reflect a dominant contribution from the 
natural end-member(s), which could be due to late melting and incorporation of carrier soil 
(sample U2) or partial melting of carrier soil, preventing efficient mixing and incorporation 
of condensed vapor from the ambient environment (sample U3) 5.19. 

Comparisons of U isotope ratio measurements by sample shows that unlike the major 
element composition, different samples (including both hosts and agglomerates) appear to 
incorporate significantly different amounts of enriched U on average, ranging from sample U2 
with 235 U/ 238 U = 2.49 ± 1.93 (n=67) to sample FLD4.3 with 23 5u/ 238 U = 9.00 ± 1.27 (n=6) 
(Table 5.9). These differences in mean 235 U/ 238 U content shows the vapor environment in the 
fireball was highly heterogeneous. Even though samples were collected at similar distances 
from ground zero, the location of ground deposition has little relation to their degree of bomb 
vapor incorporation. The range in 235 u/ 238 U ratio measurements from bulk measurements 
of entire samples supports this conclusion (Figure 5.20 and Table 5.9). 

U is more heterogeneously distributed from sample-to-sample than major elements. This 
suggests the soil term that was incorporated into the fireball was fairly homogeneous (or 
was homogenized during incorporation) compared to heterogeneities of vaporized species in 
the fireball, despite the soil term comprising the >99% of the composition of these samples. 
Within samples, U isotopic heterogeneity is strongly correlated with major element hetero¬ 
geneity (Figure 5.31). Homogeneous samples preserve compositional flow-banding patterns 
on the scale of the sample size, suggesting these melts had time to homogenize not only their 
chemical compositions through physical mixing (convection), but that physical mixing also 
distributed and homogenized enriched U originally condensed onto the surface of the carrier 
soil melts. 

Comparison between agglomerates and hosts 

Unlike major element compositions, agglomerate 235 u/ 238 U ratio measurements do not ap¬ 
pear as a subset of the measured host 235 U/ 238 U ratios (Figure 5.22). Instead, the agglom¬ 
erate distribution is shifted towards higher enrichments in 235 U, with a minimum measured 
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235 U/238u ratio of 3.68 ± 0.09, while the minimum host measurement is near natural at 
235 U/238u equal to 0.02 ± 0.002. The maximum 235 U/ 238 U ratio measured a host object is 
8.70 ± 0.09 (sample FLD16). In comparison, four agglomerate measurements in two sam¬ 
ples (two of which overlap compositional interfaces) observed to have 235 U/ 238 U ratios greater 
than the host maximum. The histogram of measurements and comparison of cumulative dis¬ 
tribution functions between hosts and agglomerates show that generally, agglomerates are 
enriched relative to hosts and have a higher median value as a collection. There were no 
measured 235 U/ 238 U ratios below 3.68, or a 235 U enrichment of approximately 78% (measured 
in FLD14.L the agglomerate attached to the exterior of FLD14) in agglomerates. 

When comparing the U isotopic composition of an agglomerate and its host, the median 
deviation of the suite of U isotope ratio measurements (n = 35) is 0.4%, suggesting that 
statistically agglomerates and their hosts incorporate similar amounts of enriched U (Figure 
5.25). However, the deviations are not symmetric about 0 (as highlighted by the mean 
deviation of +15.0%). The most negative deviation is 18% and the most positive deviation 
is +85%, indicating large differences in enrichment are due to agglomerates incorporating 
more enriched U than their hosts. 

The combined evidence of isotopic and major element characterization of agglomerates 
and their hosts suggest that while hosts may experience a range of temperatures and melting 
within a single sample, agglomerates are primarily glassy and have been thoroughly trans¬ 
formed by the fireball. Statistically, agglomerate compositions and U content are no different 
than the hosts they are attached to, suggesting these agglomerations occurred in a small, 
localized region of the fireball. This would preclude the large heterogeneities shown to be 
present in sample-to-sample differences in measured U isotope ratios (Figures 5.20, 5.24 and 
Tables 5.9 and 5.10). Notable exceptions to this observation are samples U2 and U4, which 
exhibit two distinct compositions and U isotope distributions and, in the case of U2, formed 
from the collision of two comparably sized melts. 

In four samples, U3, U4, FLD23, and FLD4.3, the agglomerates attached in the same 
location ( e.g ., the surface agglomerates of FLD23) have similar isotope ratios and compo¬ 
sitions to each other (Table 5.10). This suggests a common mode of formation, a common 
source of the agglomerates, and/or a collision at a similar time. These commonalities can 
be extrapolated to infer common a fireball temperature and local fireball vapor composition. 
These similarities will be explored in the next chapter, which uses multivariate analyses and 
approaches to explore the combined U isotopic and major element dataset. 

Agglomerates attached in different locations in the same sample (e.g., FLD14.L compared 
to FLD14.1, an exterior agglomerate in FLD14 compared to a surface agglomerate in FLD14), 
reveal that, in most cases, the agglomerate that collided with the host at earlier times and 
higher temperatures is more enriched than the agglomerate that collided with the same host 
later in time. This suggests that the local environment in the fireball earlier in time allowed 
more enriched U vapor to condense mix into the volume of these more fully incorporated 
agglomerates, and that this inventory and the degree of bomb vapor condensing decreased 
with time. 

Agglomerates characterized in this study smaller than ~50 /jrri are from two samples 
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(FLD23 and FLD4.3). The agglomerates <50 jum in FLD23 are slightly depleted in measured 
235 U/ 238 U ratios relative to their host objects, with a mean depletion of -6.5% and are similar 
to the median of the full 323 collection of U isotope measurements. In contrast, agglomerates 
from FLD4.3 show a large enrichment relative to the host, enriched on average by +29%. 
While characterized agglomerates less than 50 jum come from only two samples, they exhibit 
two different relative enrichments to their host objects, and they are located in two different 
regions. The FLD23 agglomerates are all bound by the surface of the sample, while the 
agglomerates smaller than 50 /xm in FLD4.3 have all been fully incorporated into sample 
FLD4.3. The enriched group (in FLD4.3), consists of interior agglomerates, all of which 
contain high U content, while the surface group (in FLD23), exhibits a U isotope ratio 
similar to the median 235 u/ 238 U ratio of the collection of U isotope measurements. This 
suggests two formation modes for the smallest agglomerates: those relatively enriched in an 
enriched vapor term incorporated this vapor relatively early in the fallout formation process, 
while the host object was more molten. In the second case, the small agglomerates may 
result from the prior breakup of a larger melt, explaining why its 235 u/ 238 U composition is 
more reflective not only of the host it is attached to, but also to the collection of U isotope 
measurements as a whole. At sizes greater than 50 /xm, U isotope differences between these 
two groups disappear and the resulting U isotope compositions are more reflective of the 
heterogeneities of bulk measurements, suggesting they are now reflecting various (average) 
amounts of incorporation of vapor and molten soil. 

The observation of collective U isotopic similarity between agglomerates and their asso¬ 
ciated host objects does not support the theory of Freiling et al. (1965) that agglomerates 
with grossly different radionuclide inventories were incorporated into host objects [5]. Fur¬ 
thermore, these agglomerates, if representative, are unable to appreciably alter the average 
radionuclide composition of the entire sample. While the characterized interior agglomerates 
in FLD4.3 are highly enriched in 235 U relative to their host FLD4.3, the sum total of their 
cross-sectional areas occupies an insignificant area within the exposed cross-section of the 
sample (<<1%). 

In Chapter 6, the multivariate relationships between major elements and U isotope com¬ 
positions will be explored using Principal Components Analysis. This multivariate approach 
allows for the simultaneous visualization of all major element oxides in a single plot to de¬ 
termine if there are persistent correlations between pairs or groups of major element oxides 
and/or the U isotope composition. These correlations will be used to explore the possible 
end-member compositions contributing to the mixtures in the glassy phase and whether U 
isotope composition is correlated with major elements, as has been observed with Pu, Ca, 
Mg, and Fe in the case of the Trinity test [55, 58]. 
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Chapter 6 

Principal Components Analysis of 
Major Element and U Isotopic 
Compositions in Fallout 


6.1 Chapter overview 

In Chapters 4 and 5, each of the measured major elements and the 235 U/ 238 U ratios were 
treated separately to determine the relationship between agglomerates and hosts. In this 
and the next chapter, these variables are combined and analyzed simultaneously to establish 
the co-variance between major elements and the 235 U/ 238 U ratio. 

In this chapter, principal components analysis (PCA) is conducted to visualize and ana¬ 
lyze the major element relationships between the host objects, agglomerates, and unmelted 
soil compositions. In addition, PCA is used to determine the relationship between the major 
element composition and U isotope composition. In both cases, the principal components 
model is created using major element oxide data measured using EDS rasters in a grid pattern 
across the host objects [n = 3,698). The first model projects major element compositions 
(EDS data only) from agglomerates and unmelted soil through this model to visualize the 
sources of variance in the major element compositions. Result show the agglomerate com¬ 
positional relationships relative to host objects, and that the dominant source of variance 
in the dataset are outlying compositions from measurements of unmelted mineral regions in 
the fallout. 

To constrain the relationship between major element composition and U isotope com¬ 
position, a combined dataset created from U isotope analyses by SIMS and major element 
analyses obtained from EDS rasters collected within/adjacent to the SIMS analytical craters 
is projected through the PCA model created using host object major element compositions 
(excluding Na 2 0, as discussed in Chapter 5). This model is used to search for co-varying 
relationships between the unfissioned fuel and major elements in the glassy phases. Such 
variance has been previously observed at CaMgFe interfaces in fallout from this test and also 
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noted in studies of glassy fallout from the Pu-fueled Trinity test [55, 58, 66, 67]. 

Before generating the principal components model, the influence of analytical uncertainty 
in EDS major element data, outliers in the host object major element compositions, the 
handling of zeros in modeling compositional data with noisy variables ( e.g ., Ti02 and MgO, 
which are usually present at <1 wt.%) is also discussed. 


6.2 Principal Components Analysis 

While standard geochemical tools such as binary and ternary diagrams can relate the mix¬ 
ing between different chemical constituents in the soil, other multivariate visualization and 
statistical approaches enable a more comprehensive analysis of compositional relationships 
when major elements are derived from multiple sources (such as different minerals in the 
soil). The first and most fundamental approach in most multivariate analyses is principal 
components analysis (PCA). PCA is a widely-used technique for exploratory data analysis 
and dimension reduction in multivariate datasets. It solves several problems when dealing 
with a large number of variables. For example, only three variables can be easily visual¬ 
ized graphically at any one time, making visualization and interpretation unwieldy when 
dealing with a large number of variables. Furthermore, some variables may contain very 
little information or simply noise, and including them in the analysis may lead to spurious 
results. PCA solves these problems by generating principal components (PCs), which are 
linear combinations of the original variables and by definition, linearly independent from 
one another (he., uncorrelated with one another). This transformation projects all of the 
original variables simultaneously in 2D space and removes correlations between variables. By 
removing the correlation between variables, PCs become ideal inputs for further multivariate 
analyses, including regression, classification, and discrimination methods [123, 124], 

PCs are generated in such a way that the first PC explains the largest source of variance 
in the data set, the second explains the next largest source of variance (that is also orthogonal 
to the first PC), and so on. Higher order PCs capture the least variance and often are mostly 
capturing systematic noise and may be removed to reduce the overall number of dimensions 
in the dataset. Unlike the original variables, PCs are not necessarily physically meaningful, 
and accordingly, one must be careful with their interpretation [125]. 

PCs are usually viewed using a binary plot, called a biplot , which shows both the trans¬ 
formed dataset (the scores ) and the weights of the original variables in 2D space (the load¬ 
ings ; Figure 6.1) [126-129], The biplot uses any two of the PC components as the x and 
y-axes, the original variables (the major element oxides) are plotted as 2D vectors, with 
magnitudes in the x and y directions equal to their weights in those principal components. 
The angles between the vectors provide information about the correlation or anti-correlation 
between different original variables and reveal trends between the data and all variables 
simultaneously. 
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Figure 6.1: PCI and PC2 loadings (top) and scores of the host major element oxide compositions measured 
using EDS (bottom). Conventionally, biplots combine the scores and loadings on the same plot. To ease 
viewing, they are split into two plots here. 


Calculating principal components 

One of the primary goals of PCA is reducing the number of original dimensions in a dataset, 
where the number of original dimensions in this study refers to the number of major element 
oxides and isotopic ratios included in a single analysis. PCA aims to reduce a dataset X of 
m obs rows where each row is an observation or measurement (e.g., a single EDS analysis), 
and n var columns, where each column is a variable (i.e., Si0 2 , A1 2 0 3 , Na 2 0,...), to a new 
data matrix with fewer variables that better explain the observed variance in the data set. 
The new variables (called latent or synthetic variables) are the principal components (PCs). 
They are obtained through a rotation of the original variables into a new reference frame— 
one where PCs are oriented in the direction of greatest variance. There are the same number 
of PCs as there are original variables and they are mutually orthogonal, so the full set of PCs 








CHAPTER 6. PRINCIPAL COMPONENTS ANALYSIS OF MAJOR ELEMENT AND 
U ISOTOPIC COMPOSITIONS IN FALLOUT 189 

form a linearly-independent set of basis vectors for the space spanned by the data. PCs are 
calculated such that the first PC (PCI) is oriented in the direction of the greatest variance, 
the next PC (PC2) is oriented the direction of next greatest variance orthogonal to PCI, 
PC3 is oriented in the direction of greatest variance that is orthogonal to both PCI and 
PC2, and so on. The linear combination of the original variables, or weights, for a principal 
component are called the loadings of that PC. The coordinates of the original data in PC 
space are called the scores. The loadings show how the original variables are correlated or 
anti-correlated, revealing which variables contribute to the data’s variance. 

Transforming the original variables in the original data matrix X into principal compo¬ 
nents is subject to the constraints of maximizing the variance of PCs and minimizing the 
co-variance (redundancy) between PCs. Given two original variables A and B that form 
columns in X ( e.g . Si0 2 and A1 2 0 3 ), PCA simultaneously seeks to 


maximize: Var(A) — a\ = 


EgnCA-j ;) 2 

m 


minimi ze: Cov(A,B) = o\ B = 


Y.7=i(Aj ~ A)(Bj - B) 
m 


( 6 . 1 ) 


where A* denotes the value of A from a single measurement, A denotes the mean of all the 
measurements of A, and m denotes the total number of measurements. The requirements of 
Eqn. 6.1 are fulfilled by diagonalizing the covariance matrix, C. The covariance matrix C is 
a square, symmetric matrix with variances along the diagonal and co-variances everywhere 
else and is calculated from the original data matrix X by C = A-yX'X. For example, for 
hypothetical variables A, B, and (7, the covariance matrix is 


C = 


°B,A 

a C,A 


( 6 . 2 ) 


Diagonalizing C fulfills the requirements of Equation 6.1, in that diagonalization of C 
simultaneously maximizes the variance and minimizes the covariance [130]. 

C, being a symmetric matrix, is diagonalizable by a matrix of orthonormal eigenvectors: 


C = —-QAQ' (6.3) 

m — 1 

where matrix Q contains the orthonormal eigenvectors and A is a diagonal matrix of the 
eigenvalues. Most algorithms do not calculate matrix C directly, but instead perform the 
diagonalization using the original matrix X and solving for the eigenvectors and eigenvalues 
of C using singular value decomposition (SVD), which decomposes the covariance matrix 
into three matrices, 


X, 


= usv', 


(6.4) 
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where U and V are orthogonal matrices (VV 7 = I) and £ is a diagonal matrix of singular 
values. A requirement of PCA is that C is diagonalized, such that 

X = U£V' (6.5a) 

C = —^-X'X = —^-(U£V')'U£V' (6.5b) 

m — 1 m — 1 

C = V£U'U£V' (6.5c) 

m - 1 

U is orthogonal, so C = ——-V£ 2 V' (6.5d) 

m — 1 


Matrix V equals the matrix Q from Equation 6.3, which contains the orthonormal eigen¬ 
vectors of C as its columns. Matrix £ 2 equals the matrix A, which contains eigenvalues 
of C along its diagonal. Therefore, the singular values are actually \Ai, where A, are the 
eigenvalues of C. In the case of C, A* = of, the variances of the original variables of the data 
matrix X and the corresponding eigenvectors of C in the columns of V are the principal 
components of X. To summarize, the eigenvalues and eigenvectors of the co-variance matrix 
C are the variances and PCs of the original data matrix X. 

In PCA, the eigenvalues along the diagonal of £ are ordered in decreasing magnitude. 
Correspondingly, the eigenvectors in the columns of V are ordered by decreasing magnitude 
of the variance they explain. The rows of V then represent the original variables, with 
entries being the various weights for each PC. Finally, the rows of U contain the individual 
measurements transformed into PCA space—the scores [131]. 

While the covariance matrix C is used to introduce how to solve for PCs and eigenvalues, 
most PCA models in literature (and all models used in this study) pre-treat the data by 
subtracting some metric of the data’s center (usually the mean or median) and scaling it to 
have a variance of one (or some other metric of the data’s scatter). This variance-scaling 
creates a correlation matrix, instead of the unsealed covariance matrix. (The eigenvalues and 
eigenvectors of the correlation matrix are not equivalent to the covariance matrix.) Using the 
correlation matrix instead of the covariance matrix for PCA allows variables to be compared 
without the influence of different units ( e.g ., when comparing weight percents to isotope 
ratios) or changes in absolute values. The resultant PCs instead reflect relative changes in 
the original variables. 

Using PCA to model dataset variance 

The primary goal of PCA is dimension reduction. By discarding PCs that contain little 
useful information, spurious variance due to analytical noise or bias can be removed from 
consideration. The more PCs retained, however, the better PCA replicates the original data 
matrix X. If all of the PCs are retained, PCA replicates the data matrix X exactly. In a 
typical PCA model, only the first few PCs are retained for further analysis, as the latter PCs 
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subsequently describe decreasing amounts of variance and ideally contain noise or no useful 
information. Deviation between the model and the original data matrix X is captured in an 
error or residuals matrix E (Figure 6.2): 


, + E m 


( 6 . 6 ) 


where p ret is the number of PCs retained in the model. The residuals matrix E is impor¬ 
tant in determining how well the PCA model fits the data and is used to find and describe 
data outliers (described further below). 



Data matrix Scores Residuals 

matrix 


Figure 6.2: A pictorial representation of decomposing the data matrix with SVD and retaining a subset of 
principal components. Terms are as defined in the text. 

When applied to inhomogeneous mixtures, such as the spatially resolved fallout glass com¬ 
positions measured using EDS, the PCs may describe the end-member sources contributing 
to that mixture, such as quartz, feldspars, and mafic minerals [80]. PCs can also reveal 
multiple sources of the original variables (such as if CaO or FeO is derived from multiple 
end-member sources in the soil). 

Determining the number of principal components to retain 

There are several approaches to determine how many principal components to retain in 
a PCA model, all of which rely on the magnitude of variance explained by the principal 
components. These approaches generally rely on the scree plot, which is a plot of the eigen¬ 
values (variances) as a function of principal component number, or, alternatively, a plot of 
cumulative proportion of the variance explained by each successive PC (Figure 6.3). 

The first and simplest approach is Kaiser’s rule, which argues that PCs with variances 
greater than 1 should be retained [125]. For the scree plot of the eigenvalues obtained from 
a PCA model of major element oxide compositions of host objects presented in Figure 6.3, 
only the first 3 PCs would be retained. This argument relies on the pre-treatment of data 
prior to PCA: because data are standardized to have of a variance of one and a mean of 
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Principal Component 


Figure 6.3: The magnitude of the variance (<r 2 ; also the magnitude of the eigenvalue) as a function of 
principal component number (left; called a scree plot) and cumulative variance explained as a function of 
principal component number (right) of the EDS grid data. There are eight PCs because eight original 
variables (oxides of Si, Al, Na, K, Ca, Fe, Ti, Mg) are included. The horizontal lines on the right plot show 
how many PCs must be retained to account for 90% and 95% of the total variance (retaining all 8 PCs 
replicates the data exactly and therefore explains all of the variance in dataset, defeating the purpose of 
using PC A for dimension reduction). 


zero prior to PCA, if PCs have variances less than 1, then they explain less of the variance 
than the original variables did and should be discarded. This rule is often considered too 
conservative, however, and may result in discarding PCs that still explain important sources 
of variance [125]. The next and most employed test, and one test used in this study, was 
introduced by Cattell (1966) and is called the scree test [132], It relies on using the scree plot 
to determine when the slope of the variance changes from steep to shallow, forming an elbow 
[132]. The elbow then is the number of PCs to retain. This “elbow” is visible at PC4 in the 
left plot of Figure 6.3 and supports retaining only the first 4 PCs. This a more subjective 
test, however, as in some scree plots, there may be multiple elbows or the shift in slope may 
be more subtle, such that determining on the number of retained PCs may ultimately be up 
for some degree of interpretation. This test, while somewhat subjective, has been successfully 
applied in many scenarios [125]. The last common test relies on retaining PCs that explain a 
set amount of variance of the original data set ( e.g ., the right plot in Figure 6.3). Typically, 
the analytical uncertainty of the technique used to make the measurements, or arbitrarily 
a 90% or 95% cut off is applied. As can be seen in Figure 6.3, this approach results in the 
most number of PCs being retained (5 for a 90% cutoff and 6 for 95% cut off). It is not used 
here, however, because the uncertainty in the measurements is variable-dependent. 

While the above tests are instructive and useful as a guide (suggesting retaining between 
3 PCs for Kaiser’s rule and 6 PCs for a 95% cut-off in the proportion of variance explained), 
noisy compositional data presents additional challenges. To better quantify how many PCs 
should be retained, for a robust model, a more rigorous noise-injection method is used here 
(as discussed below). 

This method suggests that first 5 PCs primarily explain real variance in the dataset, and 
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therefore may be retained, and that PCs 6-8 primarily capture analytical noise in their PC 
directions and should be discarded. 

Data pre-treatment 

When performing multivariate analyses using variables with different variances and magni¬ 
tudes, data are usually pre-treated to (a) give each variable equal weight in the analysis, 
(b) weight the variables using some a priori knowledge about each variable’s importance to 
the analysis, and/or (c) transform the data to remove constraints such as closure. In this 
dissertation, each major element oxide variable is scaled and centered to give it equal weight 
in the PC A analysis. 

Standard pre-treatment: scaling and centering 

Standard (or “classical”) pre-treatment of data prior to PCA refers to centering each variable 
by subtracting its mean, and then scaling each variable such that each variable has a variance 
equal to one: 



where x refers to each variable (Si0 2 , A1 2 0 3 , etc.), a x is the variance in that variable, 
and x is the mean of that variable. For the dataset of major element oxide compositions of 
host objects, this is the mean composition of all the host measurements (Table 4.4), and x std 
is the resulting pre-treated data used for PCA. 

Standard pre-treatment is the simplest and most common data pre-treatment method. 
Data pre-treatment ensures that variables that have greater absolute values (such as Si0 2 ) 
are given equal treatment as minor variables (such as FeO, CaO, MgO, or Ti0 2 ). In addition, 
scaling to unit variance ensures that measurement fluctuations are given equal weight and 
allows measurements of different units to be compared. When the data are non-Gaussian 
and contain many outlying compositions (as these compositional data are) other metrics 
have been proposed to pre-treating the data, such as subtracting by the median instead of 
the mean and using alternative scaling metrics [123, 131, 133]. These are known as “robust” 
pre-treatment methods and were formulated as an alternative to standard pre-treatment 
methods to resist the influence of outliers in generating the principal components. However, 
because fallout is consistent with being a mixture of mineral compositions present in the 
soil (which manifest as outliers) understanding and visualizing the correlations between soil 
mineral compositions is important to visualizing the compositional trends captured in the 
glassy phases of the fallout. Therefore, these compositional outliers should influence the PC 
space (as long as they are valid measurements). As a result, only standard pre-treatment 
(mean centering and scaling to unit variance, as shown in Equation 6.7) is used here. 
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Log-ratio transformations: opening compositional data 

Compositional data are subject to the constraint of summing to 1, 100, or near these values. 
As a result, they do not represent absolute values, but relative values of a whole. Therefore, 
they do not populate n-dimensional positive real space, R", where n is the number of variables 
(positive because compositional data are also subject to the constraint of non-negativity-all 
values must be positive). Instead they populate the n — 1-dimensional simplex S n , which has 
dimension n — 1 (if 7 of 8 variables are measured, the last one is known by difference, and 
is therefore not linearly independent) [134-136]. To transform from the S n to R n , from a 
“closed” dataset to an “open” dataset, a set of log-ratio transformations have been proposed 
and are now widely used [136-139]. Transforming compositional data from closed to open is 
important to allow for the correct application of multivariate statistical techniques that rely 
on Euclidean distances between points (as will be done in Chapter 7). 

The most used log-ratio transformation (also used here when conducting the similarity 
analyses in Chapter 7) is Aitchison’s centered-log ratio (CLR) transformation [138], which 
transforms the compositional data from S n to R": 

cLR w-( in (i))’^ 

where CLR(x) is the transformed composition of a single measurement and g(x) is the 
measurement’s geometric mean [133, 135, 140]. 1 

While some multivariate techniques require the data populate R n , PCA does not. Fur¬ 
thermore, whether log-ratio transformations are beneficial for compositional data prior to 
PCA is still debated. Recent comparisons between standard pre-treatment and log-ratio 
transformations in materials similar to fallout, such as major element data from alkaline 
glasses [141, 142], have shown that standard PCA can lead to more interpretable princi¬ 
pal components and greater visual separation between sub-groups. This separation eases 
using further multivariate methods such as cluster analyses [143, 144]. For PCA in this 
study, standard pre-treatment is used because PCA is applied here as an exploratory and 
data visualization tool. However, when quantitatively measuring distances in multivariate 
space between agglomerates and hosts, most analyses rely on metrics that assume Euclidean 
distances. Thus, when performing similarity analyses between these objects using multi¬ 
dimensional scaling (Chapter 7), the data are first transformed to R n using the centered 
log-ratio transformation then standardly pre-treated (Equation 6.7) to prevent low abun¬ 
dance and noisy variables from having outweighed importance in the multivariate analyses. 
This counters the increased influence of noise with the log-ratio transformation [140, 142, 
145], 

1 The geometric mean is defined as g(x) = C x i x ‘2 ■ ■ ■ x n . 
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Standard scaling 



Figure 6.4: Plot showing the loadings and scores of PCI vs. PC2 for host compositional data that were only 
standard scaled (top) and CLR scaled then standard scaled (bottom). 

Dealing with zeros and detection limits 

Many multivariate methods require matrix inversion. When there are zeros in the measure¬ 
ments, this can lead to singular matrices. Furthermore, analytical instruments have detection 
limits, yet may still report data below those detection limits, so care must be taken when 
analyzing those results. Usually, one either removes the measurements containing entries 
with zeros and replaces the values greater than zero but below the detection limit with some 
arbitrary value, typically one half the detection limit [146]. However, such an approach 
presents several potential problems. First, removing data with zeros may remove outliers 
important to understanding variance in the data. For this reason, many studies stick to 
standard scaling—it can handle zeros in data. Second, replacing entries below the detection 
limit but greater than zero with some fixed value may lead to spurious correlations and/or 
unintentionally add trends to data when none actually exist. When the number of measure¬ 
ments below the detection limits is small (less than 15%) the spurious correlation effect is 
also small [146]. In the case of the major element oxide compositional dataset of host objects, 
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which consists of 3,698 retained measurements, 290 of the measurements contained entries 
below the detection limits (approximately 7.8%), primarily in Ca (111 measurements), Ti 
(91 measurements), and Mg (68 measurements). Of those 290 measurements, 49 contained 
zeros, only in Ca (28 measurements) and Ti (24 measurements). Because the occurrence of 
measurements below the detection limit in the compositional data is below 15%, measured 
zeros and measurements below the detection limits were set to one half the detection limit 
of the EDS, 0.05 elemental wt.% (Figure 6.5). The detection limit of the EDS was deter¬ 
mined to be 0.05 elemental wt.% because below this concentration, Bruker’s ESPIRIT 2 
EDS software stops reporting uncertainties for individual EDS raster measurements. 



Figure 6.5: Imputed Ca values set to 0.025 wt.% (one half the approximate EDS detection limit) compared 
with the measured Ca values for major element compositions of host objects with Ca concentrations less 
than 0.1 wt.%. The vertical red line denotes the detection limit of 0.05 elemental wt.%. 


6.3 Analytical uncertainty in PC A 

Standard PCA assumes perfect data and does not take into account uncertainty in analyt¬ 
ical measurements. Ignoring analytical uncertainty is often justified by assuming that the 
variance between measurements will be greater than the noise within a single measurement. 
However, some of the variables in this study, particularly MgO and Ti02, have typical 1RSD 
uncertainties of RilO-15% (their absolute uncertainty is ~0.05 wt.%; see Chapter 4). Fe 
and Ca, important variables in this study because of previous findings of Ca being consis¬ 
tently associated with Pu from the Trinity test [55, 58, 66] and Fe being an anthropogenic 
component (from the tower), have IRSDs of ~5%. 

To understand the effect of the analytical uncertainty on the resulting PCA model, a 
random noise-injection method is used here. This method generates uncertainty perturbed 
matrices (called “UP matrices” hereafter), produced from the original dataset and their 
associated analytical uncertainties. New PCA models are generated using these UP matrices 
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to determine how the UP matrices affect the generated multivariate models, following Duewer 
et ah (1976) [147]. This process is repeated many times (500-1000), to generate statistics 
reflecting the stability of each PC as a function of the analytical uncertainty in the data. 
By determining the correlation between the PCs generated from the UP matrices and the 
original data matrix, one can determine to what degree each PC is modeling true variance 
in the data or modeling analytical noise [147]. 

UP matrices are generated assuming Gaussian analytical uncertainties. The data matrix 
X contains the mean value and the lcr uncertainty output by the ESPIRIT 2 EDS soft¬ 
ware and corresponds to 1 standard deviation about this mean. Then, a new composition is 
sampled from the normal distributions of each of different major elements (xy in X) gener¬ 
ated by their measured values and uncertainties to create a normal distribution defined by 
these parameters for each major element oxide. The distribution is then sampled for each 
measurement to generate the uncertainty-perturbed data matrix X UP . 

When taking a large number of EDS measurements in succession, however, the ESPIRIT 
2 EDS software does not output analytical uncertainties. Instead, individual raster mea¬ 
surements are output with uncertainties. Given that the analytical conditions were kept 
approximately constant, the analytical uncertainties output by 53 measurements were fit 
to generate an uncertainty model (Figure 6.6). The composition of the subset of 53 mea¬ 
surements spans the range of compositions observed in the entire dataset—ranging from 
well-mixed compositions, representative of the average composition of glassy fallout from 
this test (Table 4.4) to end-member compositions of nearly-pure Si0 2 , high FeO and Ti 2 
compositions, mafic and felsic compositions (Figure 6.6). 

Uncertainty for all major elements are well-fit by a function of the form A/x + B, with 
each element deviating only slightly in the best fit A and B parameters (Table 6.1 and 
Figure 6.6). This fit is empirical, as there is no physical reason the uncertainties should be 
so well fit by an equation of this form. As the software does not output uncertainties when 
concentrations are below 0.05 wt.%, this is used as the approximate detection limit for all 
elements in this study. Values below 0.05 wt.% were initially set to half the detection limit 
(0.025 wt.%). However, when injecting noise, entries may fall below the detection limits. As 
part of the UP matrix generation, entries in UP matrices that ended up below the detection 
limit are replaced with randomly generated concentrations between 0 and 0.05 elemental 
wt.%. 

PCA of uncertainty perturbed (UP) matrices 

One thousand UP matrices generated from the original data matrix X were used to determine 
the stability of the PC loadings. Comparing the mean variances from 1000 UP matrices to 
the original data matrix X shows that the shapes of the scree plots are similar and the 
elbow at PC4 is also reproduced (Figure 6.7). However, there is a deviation in the variance 
explained by PCI and PCs 6-8 between the original data matrix and the mean of the 1000 
UP matrices. The original data matrix explains more variance in the first PC, while the 
UP matrices explain more variance in the last three PCs. This suggests that the extra 
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Figure 6.6: The 1RSD analytical uncertainty output by the ESPIRIT 2 EDS software as a function of the 
measured composition (in elemental wt.%). Plots show fits of A/x + B (solid line; Table 6.1) from 53 EDS 
analyses (points) in various glassy fallout samples that span the range of compositions observed in fallout 
from this test. Vertical dashed lines intercept the x-axes at 0.05 wt.%, the approximate detection limit 
for the EDS under these conditions. These fits are used to calculate EDS uncertainties for all other EDS 
measurements in this study prior to converting the compositions to oxides, assuming the oxide stoichiometries 
of SiC>2, AI2O3, Na20, K 2 0, CaO, FeO, TiC>2, and MgO. Data are tabulated in Appendix B. 
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Table 6.1: Non-linear least square fits of the equation A/x + B to uncertainties from 53 EDS measurements. 
The 2cr refers to 95% confidence intervals of the fit. The fits primarily differ in their offsets, the B parameter 
of the fit. While Si has the largest standard error for the A parameter, the range of absolute uncertainties 
for Si measurements is small (ranging from about 4.20 wt.% for a composition consisting almost entirely of 
Si and O to about 4.24 wt.% for regions with relatively low abundances of Si). 


Element A 

± 

2a 

B 

± 

2a 

Si 

2.77 

"~±~" 

0.17 

4.14 


0.01 

Al 

2.69 

± 

0.01 

4.62 

:'± 

0.01 

Na 

2.77 

± 

0.02 

6.18 

± 

0.02 

K 

2.75 

± 

0.01 

3.06 

± 

0.01 

Ca 

2.76 

± 

0.01 

3.01 

± 

0.02 

Fe 

2.92 

± 

0.02 

3.08 

± 

0.04 

Mg 

2.77 

± 

0.01 

3.05 

± 

0.06 

Ti 

2.71 

± 

0.02 

5.22 

± 

0.16 


variance explained in the first PC by the data matrix is artificial and due to some analytical 
bias. This bias is due to how EDS data are collected and the proximity of different counted 
characteristic X-rays for different elements. Elements with characteristic K a X-rays close 
in energy, such as Na, Mg, Al, and Si co-vary during measurements. For example, if EDS 
slightly overestimates the Si concentration, it will also tend to slightly overestimate that Na, 
Mg, and Al concentrations. Consequently, this will result in an underestimation of the K, 
Ca, Fe, and Ti concentrations. Overall, this analytical artifact introduces artificial structure 
in the data, which is exposed and removed through the UP matrix approach. 

Following Duewer et al., the correlation between the loadings of the UP matrices and the 
original data matrix can be used as another metric to estimate the number of PCs to retain 
[147]. This is calculated from the diagonal elements of the correlation matrix between the 
loadings of the data matrix and the UP matrix (Figure 6.8). Figure 6.8 shows the mean and 
standard deviations of the diagonals of 1000 correlation matrices created from the loadings of 
the data matrix and the loadings of 1000 generated UP matrices. PCs 1-3 appear unaffected 
by the injected noise. In contrast, PCs 4 and 5 appear to model some degree of noise, 
although still being strongly correlated with the original data matrix. Similarly, PC 6 is still 
largely correlated with the original data matrix, but its direction models more noise than 
PCs 4 and 5. Finally, PCs 7 and 8 predominantly describe analytical uncertainty, being only 
weakly correlated with the original data matrix. These results suggest that retaining up to 
PC 6 is reasonable. To avoid over-interpreting PCs that model a significant fraction of noise 
(PCs 6-8), the first 5 PCs are retained in this model, which describe approximately 90% of 
the total variance in the data set. 

To visualize the correlation shown in Figure 6.8 and support these conclusions about 
how many PCs to retain, the loadings of the PCs generated using the original data matrix 
and a subset of three randomly chosen UP matrices are plotted (Figure 6.9). In Figure 
6.9, the loadings of the PCs of the three UP matrices appear similar for the first four PCs. 



CHAPTER 6. PRINCIPAL COMPONENTS ANALYSIS OF MAJOR ELEMENT AND 
U ISOTOPIC COMPOSITIONS IN FALLOUT 200 



• Data matrix 
■ UP matrices 


Figure 6.7: Scree plot of eigenvalues (variances) of the original compositional data of host objects X and the 
average variances from 1000 UP matrices generated using X and its modeled uncertainties. The standard 
deviations of the mean eigenvalues from the UP matrices are smaller than the points. The UP matrices 
reproduce a similar shape to the data matrix X, and would support retaining the same number of PCs at 
the elbow at PC4. The deviations between the UP matrices and the original data matrix X is due to bias 
introduced by the EDS method and software, resulting from similarities in the energy of the K Q X-rays of 
some elements. 


In the fifth PC, the loadings are still similar, but there is variation between UP matrices, 
suggesting that PC5 is describing a small degree of noise in addition to real variance between 
major elements. PCs 6-8 appear to describe even more noise, creating PCs that show large 
deviations from the original data matrix as well as between UP matrices. 


6.4 Outliers 

The loadings of principal components in standard PCA are easily affected and skewed by out¬ 
liers, both those from valid measurements with extreme values and those caused by artifacts 
that should be removed [148-152], Because the major element composition of fallout glasses 
are consistent with being formed from inhomogeneous mixtures of rock-forming minerals, 
valid outliers should occur with some frequency, particularly in unmelted or partially-melted 
regions of samples. 

Invalid measurements must be located and removed to ensure the PCA model is not 
unduly influenced by artifacts. For data analysis purposes, the EDS measurements were 
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Figure 6.8: Correlations between principal components of the data matrix and 1000 UP matrices. Error 
bars represent one standard deviation. The first three principal components appear to be unaffected by 
noise. PCs 4 and 5 model a small noise component, with PC 6 modeling a greater degree of noise, but still 
containing variance related relationships between measurements. PCs 7 and 8 are dominated by noise. 

previously restricted to between those with sum totals between 96 and 104%, removing the 
majority of invalid outliers. In the remaining dataset, however, is still possible that invalid 
compositional data may sum to between 96 and 104%. 

Outliers are located using some metric to determine the center and spread of the data 
in multivariate space. The simplest and most common approach is to use the Mahalanobis 
distance to detector outliers [153], which is given by: 

di = yj (xi - Af) T C _1 (xj - fjt), (6.9) 

where x is a row vector containing the composition of the ith measurement, /r is a row 
vector containing the mean of each variable, and C is the covariance matrix. While the 
Mahalanobis distance is used routinely in other multivariate methods (such as classification, 
discriminant analysis, or assessing how well a PCA model performs) its use in outlier detec¬ 
tion is limited when many outliers are present. When the data contain many outliers, the 
Mahalanobis distance often fails to outliers correctly (called “masking”), while other rou¬ 
tinely used methods may label too many data points as outliers (called “swamping”) [151]. 
Because valid outliers are expected to appear in these data due to the nature of fallout being 
heterogeneous mixtures, and should therefore be retained, an alternative outlier detection 
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Figure 6.9: Histogram of loadings for PCs for the data matrix (red) and three random UP matrices (grey). 
Each histogram shows the loadings (y-axis) versus major element (x-axis) for a given principal component. 
Data are tabulated in Appendix H. 


is used here. Originally proposed by Egan and Morgan (1998), their approach more accu¬ 
rately marks outliers than many other methods and is still reliable when a large percent of 
the data are outliers (between 20-45%) [151]. The approach is called “resampling by half¬ 
means” (RHM) and relies on calculating the distance from a point to the centroid of the 
distribution in multivariate space. First, RHM requires random sampling of 50% of the data 
set (without replacement). The mean and standard deviation of these data are calculated 
and then the entire data set are subtracted and scaled by these values, respectively. Then, 
the distance of each point to the centroid is calculated (called the “RHM distance”): 


1 = 




2 


( 6 . 10 ) 
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where 1 is a column vector containing the RHM distances, X k is the column vector 
containing all measurements of the fcth variable (e.g., all the Si0 2 measurements), p the 
total number of variables (8 for the EDS dataset), and p k HM the mean of the 50% sampled 
data, and a k HM the standard deviation of the 50% sampled data. These distances are 
then plotted as a histogram. By convention, measurements beyond the 95th percentile are 
considered outliers and should be inspected. Each outlier in this thesis was compared to 
BSE and/or compositional maps to determine their potential validity to the overall dataset. 
Of the 5% of identified outliers (185 measurements), 79 (43%) are in high Si regions (>80 
wt.% Si0 2 ), likely being EDS rasters on or overlapping relict quartz grains or partially- 
melted quartz. Of those 79, 43 (54%) are “quartz-like” compositions ( i.e ., >90 wt.% Si0 2 , 
as defined in Chapter 4). 


median 



Figure 6.10: Histogram of RHM distances to the 50% sampled centroid, calculated from Equation 6.10. 
The histogram uses 200 bins. The 50th percentile (median), 95th percentile, and 99.5th percentile of RHM 
distances are marked with yellow, red, and green vertical dashed lines, respectively. 

Of the remaining 106 outlying measurements, 78 are from samples FLD9, FLD10, FLD11 
and FLD3.2. These samples were previously describe (Chapter 2) as having regions without 
radioactivity that appear vesicular and unmelted. Therefore, these measurements likely 
represent partially or unmelted minerals other than quartz in the soil near ground zero 
(Figure 4.16). 

Of the remaining 28 outliers that are not high in silica or measured in samples FLD9, 
FLD10, FLD11, and FLD3.2, 22 were measured in sample FLD25. (Table 6.2 shows the aver- 
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age composition from these measurements.) These measurements were primarily conducted 
on the bright region visible the A1 compositional map of FLD25. The mean composition 
of these measurements is felsic (see Chapter 4 and Figure 6.11). Since these measurements 
were all located in a single region and are of similar composition, the measurements are not 
invalid, but this composition in the host of FLD25 is likely an outlying composition com¬ 
pared to the other 37 host objects analyzed with EDS rasters. Also, interestingly, the optical 
image of FLD25 intact and unpolished shows that it is relatively colorless compared to the 
other fallout samples, which tend to be dark green in color (Figure 2.16). The remaining 6 
outlying measurements were measured in samples FLD12, FLD16, FLD4.3, FLD5.4, and U3 
(Table 6.3). 

Table 6.2: Comparison of outlying compositions in FLD25 identified using Equation 6.10 with the mean and 
standard deviation of the host object major element oxide compositions. 


Element 

oxide 

FLD25 

Mean (wt.%) 

± 

FLD25 

lcr 

EDS Host 
Mean (wt.%) 

± 

lcr 

Si0 2 

67.80 

“±“ 

1.68 

73.69 


4.07 

AI 2 O 3 

20.01 

± 

1.42 

13.65 

± 

2.16 

Na 2 0 

3.94 

± 

0.31 

3.23 

± 

0.70 

k 2 o 

8.44 

± 

1.05 

3.81 

± 

0.71 

CaO 

0.87 

± 

0.92 

2.17 

± 

1.00 

FeO 

0.37 

± 

0.45 

2.78 

± 

0.78 

Ti0 2 

0.18 

± 

0.06 

0.32 

± 

0.18 

MgO 

0.24 

± 

0.11 

0.59 

± 

0.27 


Table 6.3: Remaining outlying compositions after excluding high Si regions and measurements on sam¬ 
ples with large unmelted/partially melted regions. These compositions are felsic or trending towards felsic 
compositions, except for the composition measured in U3. 

RHM 


Sample 

Distance 

Si0 2 

Al 2 03 

Na 2 0 

k 2 o 

CaO 

FeO 

Ti0 2 

MgO 

Sum 

FLD12 

5.57 

69.00 

19.47 

4.96 

5.90 

0.84 

1.33 

0.15 

0.26 

101.91 

FLD12 

8.79 

69.24 

20.63 

5.15 

8.17 

0.20 

0.07 

0.00 

0.27 

103.73 

FLD16 

6.84 

66.01 

20.91 

4.57 

5.20 

1.10 

0.70 

0.96 

0.12 

99.56 

FLD4.3 

5.37 

61.60 

20.64 

3.34 

3.29 

4.19 

3.68 

0.47 

1.05 

98.25 

FLD5.4 

6.93 

57.32 

23.62 

3.72 

3.24 

4.47 

3.81 

0.57 

0.76 

97.51 

U3 

5.37 

69.66 

13.89 

2.99 

3.59 

6.71 

3.49 

0.30 

1.29 

101.93 


The 99.5% outliers (19 measurements) are found in 7 samples: AA.B, AG.D, FLD9, 
FLD10, FLD11, FLD3.2, and FLD5.1 (Table 6.4). All of the measurements in samples 
AA.B, AG.D, FLD3.2, and FLD5.1 are quartz-like, as are two of the measurements in FLD10. 
Their RHM distances are close to the 99.5 percentile cutoff of RHM distances equal to 12.25 
(Figure 6.10). Two of the measurements (both in sample FLD11) are classified as mafic 
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Figure 6.11: A1 compositional map of sample FLD25. Yellow squares denote the locations of the outlying 
EDS measurements shown in Table 6.2. Tiny, bright white spots around the periphery of the sample are 
A1 metal pieces from the sample holder that were removed during polishing, but lodged between the sample 
and the epoxy. 


and none are classified as felsic (see Chapter 4). The remaining 99.5% outliers (and the two 
most outlying measurements) do not fall into the mineral-type compositional classifications 
defined in Chapter 4, but are primarily enriched in FeO, Ti0 2 , Na 2 0, K 2 0, and less frequently 
in MgO and CaO (highly enriched in one measurement each). These unclassified outliers 
suggest the presence of minor, but notable mineral components that may be able to explain 
co-variations of higher order principal components during the PC analysis. 



Table 6.4: 99.5% outliers within the dataset of host object major element oxide compositions as determined and sorted by their RHM 
distances, classified according to the mineral-type definitions in Chapter 4. 

RHM 


Sample 

Distance 

Si0 2 

A1 2 0 3 

Na 2 0 

k 2 o 

CaO 

FeO 

Ti0 2 

MgO 

Classification 

FLD10 

36.89 

65.64 

5.62 

3.22 

3.41 

0.42 

16.11 

5.82 

0.89 

High Fe, Ti 


FLD9 

24.52 

65.31 

13.61 

3.82 

3.46 

2.03 

7.49 

0.44 

6.86 

High Fe, Mg 


FLD11 

21.70 

63.15 

8.82 

2.45 

1.96 

10.18 

5.85 

0.77 

5.64 

Mafic 


FLD11 

18.37 

64.39 

9.96 

2.69 

2.48 

8.42 

5.51 

0.74 

4.92 

Mafic 


FLD10 

17.75 

61.63 

10.58 

5.99 

5.03 

1.29 

9.33 

2.80 

0.97 

High Na, K, 

Fe 

FLD10 

17.17 

67.25 

13.16 

3.52 

4.62 

3.11 

2.57 

3.23 

0.61 

High Na, K, 

Ca, Ti 

FLD10 

16.19 

61.66 

8.88 

6.40 

4.86 

3.57 

13.93 

0.81 

0.18 

High Na, K, 

Fe 

FLD10 

15.78 

68.35 

13.23 

5.20 

5.33 

0.33 

5.04 

2.87 

0.31 

High Na, K, 

Fe, Ti 

FLD10 

14.96 

67.20 

6.22 

5.33 

4.72 

1.43 

12.54 

1.29 

0.17 

High Na, K, 

Fe, Ti 

FLD10 

13.93 

64.19 

14.27 

5.75 

5.57 

0.43 

3.44 

2.52 

0.44 

High Na, K, 

Fe, Ti 

FLD5.1 

12.57 

102.97 

0.41 

0.15 

0.00 

0.08 

0.09 

0.08 

0.11 

Quartz-like 


AG.D 

12.50 

101.40 

0.51 

0.05 

0.03 

0.00 

0.02 

0.04 

0.01 

Quartz-like 


FLD3.2 

12.49 

102.39 

1.27 

0.01 

0.01 

0.05 

0.09 

0.02 

0.00 

Quartz-like 


FLD10 

12.47 

101.43 

0.31 

0.11 

0.06 

0.01 

0.09 

0.04 

0.01 

Quartz-like 
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0.50 

0.19 
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0.12 

0.12 

0.00 

0.04 

Quartz-like 
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12.44 

102.36 

0.75 

0.09 

0.03 

0.03 

0.01 

0.05 

0.21 

Quartz-like 
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0.74 
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As expected, valid outliers are the largest source of variance in the dataset and therefore, 
control the loadings of the first several PCs (Figure 6.12 where measurements with RHM 
distances in the 95% percentile and above have been colored to show their influence on the 
PC space). While the correlations between different major element oxides will be discussed 
in the next section, the outliers, primarily composed of the end-member compositions of 
“quartz-like”, “felsic”, and “mafic” (as defined in Chapter 4), strongly influence the PC 
loadings. That the most mineral-like compositions are responsible for most of the variance 
in the dataset highlights that the origins of the glassy phase is consistent with originating 
from a mixture of mineral-like compositions. 


6.5 PCA of the host compositional data 

The previous sections used the major element oxide compositions of host objects (n = 3,698) 
to illustrate data pre-treatment, PC retention, assessing the amount of noise present in dif¬ 
ferent PCs, and outlier detection and evaluation. This section explicitly discusses the results 
from the PCA analysis of the result dataset, including interpreting the PC loadings and 
scores, and possible interpretations of the PCs based on correlations between different major 
elements. This is followed by a comparison of the agglomerate EDS data with the model 
generated by the host object EDS data. The PC model generated by the host object EDS 
data is used to generate the PCA model because it was collected in an unbiased manner using 
grids of EDS rasters across the hosts. In contrast, EDS raster measurements of agglomerates 
were targeted and intended to capture the range of compositions in the agglomerate. 

To form the PCA model, all eight major element oxides are retained for the PC analysis 
(retaining only those analyses with sums between 96 and 104 wt.%). Major element data 
below the detection limit were imputed to half the EDS detection limit. Next the data 
were pre-treated by subtracting the mean from each major element oxide and scaling each 
of these variables to have a variance equal to one. Following the PC analysis, the number 
of PCs retained was based on the correlation of PCs from the original data matrix with 
1000 randomly-generated UP matrices, which showed that PCs 1-5 are greater than 90% 
correlated with the original data matrix, while PC 6, 7, and 8 are only ~75%, ~25%, and 
~26% correlated with the original data matrix, respectively (Figure 6.8). As a result, only 
PCs 1-5 are retained. Collectively they account for ~91% of the total variance in the data 
set (Table 6.5). The loadings from this PC model are used to calculate the scores of the 
EDS measurements collected in the agglomerates and unmelted soil and project these data 
into the model. 

As will be shown, the observations from these plots do not supplant the bivariate analyses 
shown in Chapter 4, but instead bolster them. The PCA analysis shows that the composi¬ 
tional measurements of the host objects are relatively homogeneous and that the variance in 
the compositional measurements of the hosts are again consistent with an origin of mixing 
between different minerals and compositions measured in the soil. The agglomerates remain 
a subset of the host compositions, as expected. The PCA analyses additionally highlights 
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Figure 6.12: PCI vs. PC2 for the dataset of major element oxide compositions of host objects. Outliers 
are highlighted as determined by the 95% percentile of the RHM distances. RHM distances in the 99.5% 
percentile are shown in yellow. The bottom plot shows PCI plotted directly as a function of the RHM 
distances, highlighting the outliers’ influence on PCI. The grey, green, and red vertical lines denote the 
50th, 95th, and 99.5th percentiles, respectively. The slope of the edges of the cone-like shape becomes more 
gradual with each succeeding PC. Shapes correspond to end-member compositions, as defined in Chapter 4. 
Unclassified compositions, shown as blue circles, are discussed in the text, and primarily consist of high Fe 
compositions. 
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Table 6.5: Proportion of variance and cumulative proportion of variance explained by each PC of the PC 
analysis of the major element compositions of host objects. The dashed line denotes the PCs that were not 
retained for the PCA model. 


Cumulative 


PC 

Var. Exp. (%) 

Var. Exp (%) 

PCI 

41.3 

41.3 

PC2 

23.6 

64.9 

PC3 

12.9 

77.8 

PC4 

6.8 

84.5 

PC5 

6.4 

91.0 

PC 6 

4.3 

95.3 

PC7 

2.9 

98.2 

PC 8 

1.8 

100.0 


multiple source for some major elements (such as FeO and CaO) and reveals what composi¬ 
tions are the largest sources of variance in the data set. This enables an assessment of how 
different compositions in the soil contributed to the overall compositions of the glassy phases 
in the fallout. 


PCI and PC2 

PCI describes 41.3% of the overall variance in the data set of host compositional measure¬ 
ments (Figure 6.14 shows PCI plotted against PC2). In PCI, Si0 2 has a negative loading, 
while all other major elements have positive loadings, with AI 2 O 3 having the most positive 
loading. The variance PCI is describing is due to the relatively large number of partially- 
melted and/or unmelted quartz minerals measured in the host, relative to the majority of 
the glassy phase. While the measured compositions plot densely near (0,0), there are a con¬ 
tinuum of compositions that extend towards the quartz-like compositions (bottom panel of 
Figure 6.14). PCI plotted against PC2 separates the end-member composition of “quartz¬ 
like” (as defined in Chapter 4) into quadrants II and III, while the remaining mafic and 
felsic end-members (including albite, anorthite, and orthoclase-like compositions) plot in 
quadrants I and IV. 

PC2, which describes 23.6% of the overall variance in the data set, has little influence 
from Si0 2 and A1 2 0 3 , but separates Na 2 0 and K 2 0 from CaO, MgO, Ti0 2 , and FeO (top 
panel, Figure 6.14). This PC separates the alkali feldspar-like, plagioclase feldspar-like and 
mafic compositions into quadrants IV and I, respectively. The variance described by PC2 
separates more alkali-rich compositions from compositions rich in CaO, FeO, Ti0 2 , and MgO. 
These latter compositions are largely mafic, but also include FeO, Ti0 2 -rich compositions. 

Si0 2 has a large loading only in PCI. This shows that other than measurements in quartz 
and/or quartz-like compositions, Si0 2 varies relatively little and is not well associated with 
variations between other major elements in other PCs. Therefore, while 41.3% of the variance 
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Figure 6.13: Loadings of the 5 retained principal components. Data are tabulated in Appendix H. 


in the data is due to Si0 2 , the remaining 49.7% of the variance is due to other, less abundant 
elements in the samples. 

The first two PCs collectively describe 64.9% of the total variance in the EDS measure¬ 
ments (Table 6.5). The loadings of PCI and PC2 are controlled by outlying measurements, 
as measured via their RHM distances (Figure 6.12). These outliers are only outliers in 
the sense that they are found primarily in samples with large unmelted or partially-melted 
regions, so likely represent partially-melted or unmelted minerals. 
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Figure 6.14: PCI vs. PC2. The top plot shows the loadings of the PC model created using the EDS host grid 
data. The middle plot shows the EDS host grid data, the EDS agglomerate data, and EDS measurements 
of unmelted soil collected proximate to ground zero. The bottom plot renders the EDS host grid data 
partially transparent, showing a density plot of the host compositions. Outlying felsic, mafic, and quartz¬ 
like compositions, as defined in Chapter 4, are shown with different shapes and colored by whether they 
measured in hosts, agglomerates, or in unmelted soil. Quartz and feldspar endmember compositions are also 
plotted and marked. 
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PC3 

PC3 captures 12.9% of the total variance. When plotted against PC2, PC3 highlights the 
variance due FeO, Ti0 2 -rich compositions (plotting in quadrants III and IV) and more 
plagioclase-like compositions (plotting in quadrants I and II), with little influence from K 2 0, 
Na 2 0, and Si0 2 (Figure 6.15). PC3 therefore separates the multiple sources of FeO, showing 
the association between FeO and Ti0 2 as being separate from the association between FeO, 
CaO, and MgO derived from the mafic compositions (whose variance is captured by PC2). 
This FeO-Ti0 2 association (highlighted by PC3) contributes less to the overall variance in 
the dataset than the variance due to mafic compositions (highlighted by PC2). Therefore, 
while the mafic compositions are a small overall contributor to the primary fallout com¬ 
position (Figure 4.19), the FeO, Ti0 2 -rich minerals, observed in soil (noted in Figure 4.15 
and compositions consistent with ilmenite are noted by [67]), have an even smaller overall 
contribution to the composition of the glassy phase in fallout. 

PC4 

PC4 (plotted versus PC2, Figure 6.16) separates the feldspathic compositions from more 
mafic compositions into each quadrant, with mafic, albite-like, orthoclase-like, and anorthite- 
like compositions falling into quadrants I, II, III, and IV, respectively. The association 
between Na 2 0 and CaO (from the continuum of compositions between albite and anorthite) 
is visible, as is the association between FeO, MgO, and CaO compositions. Quadrant IV 
distinguishes FeO, Ti0 2 -rich compositions all of which were measured in host objects, and 
specifically are part of the compositions measured in the unmelted/partially-melted region 
of FLD10 (see discussion in Chapter 4). 

PC5 

PC5 explains 6.4% of the overall variance. A plot of PC5 versus PC3 separates the FeO, 
CaO, and MgO (associated with mafic compositions) into FeO and CaO (positive loadings) 
and MgO (negative loading), with all other elements having little influence in PC5 (Figure 
6.17). The FeO, Ti0 2 -rich compositions are separated into quadrant II, more CaO-rich 
compositions (plotting towards anorthite) into quadrant I, and the mafic compositions into 
quadrant I. The remaining felsic end-members and quartz plot near origin, along with fallout 
compositions that trend towards these end-members (bottom panel, Figure 6.17). 


6.6 Combining U isotopic and major element 
compositions 

A combined data set of U isotope ratios measured using SIMS and the major element com¬ 
positions measured within/adjacent to the SIMS analysis craters (n — 245) was collected for 
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Figure 6.15: PC2 vs. PC3. The top plot shows the loadings of the PC model created using the EDS host grid 
data. The middle plot shows the EDS host grid data, the EDS agglomerate data, and EDS measurements 
of unmelted soil collected proximate to ground zero. The bottom plot renders the EDS host grid data 
partially transparent, showing a density plot of the host compositions. Outlying felsic, mafic, and quartz¬ 
like compositions, as defined in Chapter 4, are shown with different shapes and colored by whether they 
measured in hosts, agglomerates, or in unmelted soil. Quartz and feldspar endmember compositions are also 
plotted and marked. 
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Figure 6.16: PC4 vs. PC2. The top plot shows the loadings of the PC model created using the EDS host grid 
data. The middle plot shows the EDS host grid data, the EDS agglomerate data, and EDS measurements 
of unmelted soil collected proximate to ground zero. The bottom plot renders the EDS host grid data 
partially transparent, showing a density plot of the host compositions. Outlying felsic, malic, and quartz¬ 
like compositions, as defined in Chapter 4, are shown with different shapes and colored by whether they 
measured in hosts, agglomerates, or in unmelted soil. Quartz and feldspar endmember compositions are also 
plotted and marked. 
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Figure 6.17: PC5 vs. PC3. The top plot shows the loadings of the PC model created using the EDS host grid 
data. The middle plot shows the EDS host grid data, the EDS agglomerate data, and EDS measurements 
of unmelted soil collected proximate to ground zero. The bottom plot renders the EDS host grid data 
partially transparent, showing a density plot of the host compositions. Outlying felsic, mafic, and quartz¬ 
like compositions, as defined in Chapter 4, are shown with different shapes and colored by whether they 
measured in hosts, agglomerates, or in unmelted soil. Quartz and feldspar endmember compositions are also 
plotted and marked. 
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several purposes. First, previous studies of Trinity show an association between unfissioned 
Pu fuel and Ca, Mg, and Fe [55, 58, 66, 80]. In historic fractionation models, Pu is considered 
to behave as a strongly refractory species, modeled as not fractionating from the benchmark 
refractory fission product, 95 Zr [5]. As noted in Chapter 1, U has historically modeled as 
behaving as a semi-volatile species in air bursts, but exhibits different fractionation behavior 
in surface bursts, depending on the detonation conditions and surrounding environment [47]. 
In high-yield coral bursts, U is observed to not fractionate from 95 Zr or 239 Pu, but in silicate 
surface bursts, U is observed to continue to behave with intermediate volatility (although 
behaving with a slightly more refractory nature than U in air bursts) [47]. The Weisz (2016) 
study of interfaces demonstrated a co-location of enriched U with CaO, MgO, and FeO at 
boundaries of hosts and exterior agglomerates (Table 3.1). A consistent association in the 
glassy phase between enriched U and CaO, FeO, and MgO could suggest that U in this event 
behaved chemically similar to how Pu behaved in Trinity. Understanding the behavior of 
U in this event will help inform and aid in predicting the chemical behavior of U in other 
tests. Associations between U and major element enrichments at compositional interfaces 
of agglomerates and U in the bulk of the glassy phase could support similar condensation 
conditions to those hypothesized to occur and created compositional interfaces [67], and 
may place constraints on the chemical speciation of U as it is incorporated into fallout melts. 
First order associations between U and major elements should be unexpected (unless there 
was a large anthropogenic source a major element also present in the soil, such as the steel 
tower in the case of Trinity). However, combined U isotopic and major element compositions 
projected into PCA space may also reveal higher order associations between the unfissioned 
fuel and major elements. 

Comparison between major element compositions and the 
combined major element/U isotopic dataset 

This chapter considers and conducts multivariate analyses of two separate data sets. First, 
the previously discussed and modeled major element data of agglomerates and hosts (dis¬ 
cussed in above and in Chapter 4). A second dataset is also used, combining the U isotope 
analyses from SIMS and targeted EDS rasters from within/around the SIMS analyses craters 
to link the SIMS analysis locations with major element compositions (Figure 4.6). The com¬ 
bined major element/U isotope dataset excludes Na 2 0, due to crater topography and possible 
Na volatilization by SIMS (discussed in Chapter 5). A schematic distinguishing these two 
datasets is shown in Figure 6.18. 

Due to the time required for each SIMS analysis (>1 hr for a NanoSIMS analyses, ex¬ 
cluding several days for tuning the instrument prior to an analysis and analyzing standards 
throughout the analytical campaign), fewer SIMS analyses were used to characterize agglom¬ 
erates and hosts. Instead, these analyses were targeted and micro-volumes of material were 
sputtered to measure the U isotopic compositions of hosts and agglomerates. The correla¬ 
tion between U isotopic homogeneity and major element homogeneity from well-characterized 
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hosts using this combined major element/U isotope dataset (Figure 5.31) showed that while 
some agglomerates were characterized by only 1-2 SIMS analyses, the variance about these 
measured U isotopics is likely small (the predicted 235 U/ 238 U lcr is <1 for all characterized 
agglomerates). 

Further comparison between the two data sets is needed. Specifically, evaluating how well 
the few targeted analyses that comprise the combined major element composition/U isotope 
dataset represent entire objects (the major element-only dataset collected across entire ag¬ 
glomerates and host objects) is necessary to draw comparisons and conclusions between the 
two datasets. Note that these datasets should not be identical, as the EDS analyses charac¬ 
terizing the compositions across entire host objects included unmelted/partially-minerals in 
addition to glassy regions, whereas the SIMS analyses primarily targeted the glassy regions 
in agglomerates and host objects. 



10-15 |jm diameter EDS rasters 
placed in a grid pattern across the 
exposed cross-section of host objects 
and agglomerates. 


Targeted EDS rasters within/around SIMS 
analysis craters. Na 2 Q is excluded. 


Figure 6.18: Examples of how the different EDS datasets discussed here were collected. In the figure on 
the left, the major element composition dataset, which was collected across host objects in grid patterns 
(data used to generate the PCA space) and collected in an approximate grid patterns across agglomerates to 
determine the composition of agglomerates (Table 4.8). In the second dataset (figure on right), to estimate 
the major element composition at the location of U isotope ratio measurements, 1-4 EDS rasters were 
collected within/around SIMS analysis craters. In this second dataset, Na20 is excluded, as discussed in the 
text. 

Figure 6.19 shows the deviation of the compositions from the combined EDS/SIMS 
dataset to the EDS grid-based major element dataset for agglomerates and host objects 
as a function of the number of EDS/SIMS analyses within the object. The mean com¬ 
position is used to define an object’s composition (both for the major element only and 
combined major element/U isotopic composition). The standard deviation about this mean 
is used to represent the variability in this composition for multiple measurements (shown as 
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error bars in Figure 6.19), and the analytical uncertainty is shown for single measurements. 
As would be expected, the combined major element/U isotope compositions deviating the 
most from the median major element composition of entire objects occur where only 1-2 
SIMS analyses were used to characterize the object. Surprisingly, for all major elements, 
only five SIMS/EDS analyses are needed until the mean composition of the combined major 
element/U isotope dataset and major element dataset agree within uncertainty. 

For two or more combined major element/U isotopic measurements in a single object, 
major elements with a relative deviation >15% from the compositions determined from the 
grid-based EDS analysis occur primarily in the MgO and Ti0 2 compositions. While the 
relative deviation between datasets is >15% for the compositions of some objects in these 
major element oxides, because of their low abundance in fallout (usually <1 wt.%), the 
absolute deviation is small. Other major element oxides that exhibit deviations greater than 
15% are primarily CaO compositions in the hosts FLD10 (CaO deviation: +93.6 ± 218.6%), 
FLD14 (CaO deviation: -20.0 ± 21.8%), U4 (CaO deviation: -15.6 ± 49.5%). In these cases, 
the median absolute deviations (instead of the standard deviation as used in Fig. 6.19) of the 
deviations in compositions between the grid-based EDS dataset and combined EDS/SIMS 
dataset overlap a 0% deviation, indicating these deviations are largely due to compositional 
heterogeneities within samples. 

Bivariate plots of U versus major elements 

Before including the 235 U/ 238 U ratio in the PCA model, it is illustrative to show the 235 U/ 238 U 
isotope ratio measurements as a function of major element concentrations in traditional 
bivariate plots (Figure 6.20). The bivariate plots in Figure 6.20 to reveal trends between the 
235 U/ 238 U and major elements only for K 2 0, CaO, FeO, and MgO at outlying compositions. 
Furthermore, perceived trends typically manifest only for single samples, not across the 
entire sample suite. 

For example, the apparent correlation in the U bivariate plots (Figure 6.20) visible near 
the origins of the plots of 235 U/ 238 U as a function of CaO, FeO, MgO, and anti-correlation of 
235 U/ 238 U as a function of K 2 0 at concentrations ~4-6 wt.% were all measured in the host 
of sample U2. Sample U2 was previously noted to appear as the collision and partial mixing 
of two distinct melts, each of which had incorporated different amounts of enriched U prior 
to agglomeration (see Chapter 1) [60]. In compositional maps, this appears as a roughly 
bi-modal composition. Using a Ca compositional map (Figure 1.11), and noting locations 
of SIMS measurements made in these two regions, reveals a qualitative co-location between 
235 U/238u ratios <1 being measured in the Ca “depleted” region and 235 U/ 238 U >1 being 
measured in the Ca “enriched” region. 2 In this study, measured major element compositions 
from within and around the SIMS analysis craters directly (instead of averaging EPMA data 

2 The enriched region within U2 has a mean CaO concentration of 1.79 ± 0.20 wt.% (2a) and the depleted 
region has a mean CaO concentration of 0.45 ± 0.24 wt.% (2a) [60]. However, the depleted region is not 
only depleted relative to the enriched region, but also depleted relative to the average CaO concentration 
measured in the host EDS analyses (Table 4.4) of 2.12 ± 1.00 la. 
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Figure 6.19: Percent deviation between the median major element composition of an object measured using 
grid-based patterns of EDS rasters across entire objects and the composition measured from the EDS rasters 
from within/around the SIMS craters as a function of the number of combined EDS/SIMS analyses within the 
object (Figure 6.18). Note the log x-axis. The blue band denotes ±15% relative deviation. The uncertainties 
are lcr of the mean (for multiple measurements) or the la analytical uncertainty for single measurements. 
Na20 is excluded, as discussed in the text. Data are tabulated in Appendix G, Table 4.8, and Table 4.6. 
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Figure 6.20: Bivariate plots showing SIMS measurements of 235 U/ 238 U ratios as a function of the major 
element composition measured using EDS rasters collected within/around the SIMS craters (Figure 6.18). 
Uncertainties are la. Na20 is excluded as discussed in the text. The shape and color of points correspond to 
whether the SIMS analysis was performed in a host, an agglomerate, or over an interface that significantly 
sampled both the host and agglomerate. To ease viewing of the plots, the plots exclude to two points with 
anomalous CaO compositions discussed in the text (Figure 6.23 and Table 5.12). Data are tabulated in 
Appendix G. 
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taken in a grid pattern, as was done in Lewis et al. (2015) to establish the co-location 
between U isotopic and major element composition) reveals not only a co-location, but a 
correlation between the U isotopic composition and CaO, FeO, MgO, and an anti-correlation 
with K2O (Figure 6.21). However, due to this behavior being exhibited in a single sample 
that contains two melts of distinct major element and U isotopic compositions incompletely 
mixing prior to quenching, these correlations in 2:35 U/ 238 U as a function of CaO, FeO, MgO, 
and K 2 0 are likely not capturing some chemical behavior of U in the fireball. Instead, the 
trends visible in Figure 6.21 are most likely due to sampling regions with SIMS/EDS that 
have experienced different amounts of mixing between the two melts. That is, the finite 
sampling size of the SIMS craters and the EDS rasters sample different proportions of each 
of the melts, resulting in a correlation, but reflect analyses in regions where the melts have 
partially mixed prior to quenching. 

Excluding these measurements removes any signification whole-population correlations 
between the 235 U/ 238 U ratio and CaO, FeO, and MgO at 235 U/ 238 U ratios < 2. A weak anti¬ 
correlation of the 235 u/ 238 U ratio with CaO concentration remains (Figure 6.22), consistent 
bulk dissolution ICP-MS data of whole glassy fallout samples from this test [57]. 

Excluded CaO outliers in U3 and FLD16 

Two combined major element/U isotopic analyses performed in samples U3 and FLD16 are 
not shown in Figures 6.20-6.22 due to their anomalous CaO composition. These analyses are 
also not shown in some of the principal component analyses plots below (Table 6.6). The 
major element compositions of the regions where these SIMS analyses were performed do 
not fall under the definition of “mafic” as assigned in Chapter 4 (CaO > 8 wt.%, FeO > 5 
wt.%, and MgO > 2 wt.%). However, in addition to the notably high CaO concentration, 
FeO and MgO are also enriched relative to the average host composition (2.77 ± 0.76 wt.% 
for FeO and 0.60 ± 0.26 wt.% for MgO; Table 4.4). 

Table 6.6: 235 u/ 238 U ratio and major element composition (as wt.% oxide) of single SIMS/EDS analyses in 
high CaO regions. 

Sample 2 a Si0 2 1 a A1 2 0 3 ltr K 2 0 la CaO la FeO lex Ti0 2 la MgO la 

FLD16 5.54 0.04 62.41 2.64 13.47 0.68 2.84 0.11 12.08 0.48 3.77 0.19 0.38 0.11 1.05 0.15 

U3 5.45 0.11 57.92 1.37 7.87 0.26 1.26 0.09 25.04 0.99 3.55 0.06 0.20 0.03 1.05 0.02 


6.7 Including U measurements in PC A 

The combined major element/U isotopic composition dataset was projected through the PC 
model generated using the major element compositions of host objects to assess the potential 
association between enriched U and groups of major element oxides. Projecting the combined 
major element/U isotopic data set through the original PCA model ensures the PC space 
remains unbiased. This is important because in many cases, SIMS analyses were targeted 
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Figure 6.21: Bivariate plots showing 235 u/ 238 U ratio as a function of select major element oxides, those 
that exhibit a correlation with the 235 XJ/ 238 U ratio in sample U2 (n = 48, shown as green diamonds). 
Uncertainties are 1 <t. To ease viewing of the plots, the plots exclude to two points with anomalous CaO 
compositions discussed in the text (Figure 6.23 and Table 5.12). Data are tabulated in Appendix G. 


at particular agglomerates, interfaces between agglomerates and hosts, or particular regions 
within a host. Furthermore, there are fewer combined SIMS/EDS data (245 analyses in 
18 samples) compared to the original grid-based host object compositional dataset (3,698 
analyses in 37 samples), so fewer spurious compositions are required to influence the PC 
space. 

The new PC model generated here is identical to that in Section 6.5, except that Na 2 0 
is excluded (as discussed in Chapter 5). Excluding Na 2 0 does not appreciably alter the 
loadings of the PC analysis (compare Figures 6.24 and 6.13). This is likely because of 
the strong correlation between Na 2 0 and K 2 0 for the majority of measured compositions, 
rendering one of these variables unnecessary to fully account for the variance dataset, except 
at higher order PCs (he., they are not linearly independent; Figure 6.25). The exception is 
for high values of K 2 0 and Na 2 0, which are more “mineral-like” in their composition. In 
these instances, Na 2 0 and K 2 0 do become linearly independent, converging towards two 
different mixing end-members for the alkali feldspar compositions (albite and orthoclase, 
respectively). Because U is not used in generating the PC model, the EDS measurements 























CHAPTER 6. PRINCIPAL COMPONENTS ANALYSIS OF MAJOR ELEMENT AND 
U ISOTOPIC COMPOSITIONS IN FALLOUT 223 


12 


9 

6 


3 


0-| 

0 



0.3 0.6 0.9 

MgO Wt. (%) 




Figure 6.22: 235 U/ 238 U as a function of major element concentration (wt.% oxide) for CaO, FeO, K2O, 
and MgO, with combined major element/U isotopic compositions measured in sample U2 removed. To ease 
viewing of the plots, the plots exclude to two points with anomalous CaO compositions discussed in the text 
(Figure 6.23 and Table 5.12). Data are tabulated in Appendix G. 

from within and around the SIMS analytical craters are projected through the PC model 
and their points are colored according to their 235 U/ 238 U ratio. 

Presentations for these PCA plots similar to the plots shown previously in Section 6.5. 
The top plot in Figures 6.26 and 6.27 show the loadings for the same pairs of PCs plotted 
in Section 6.5. The center plots in Figures 6.26 and 6.27 shows the full range spanned by 
the host object major element compositions (shown as partially-transparent “+” markers 
in all plots) used to generate the PC model with a box highlighting the inset shown in the 
bottom plot. These plots also show the two CaO compositions excluded in the insets shown 
in the bottom plots. The bottom plots in Figures 6.26 and 6.27 show individual combined 
major element/U isotopic ratio measurements are shown and shaded according to their U 
isotope ratio. The shape and outline color of these points correspond to whether the SIMS 
analysis was performed in an agglomerate (red circles), a host object (black squares), or over 
an interface where the host and agglomerate were both significantly sampled in the analysis 
(blue triangles). 
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Figure 6.23: Ca compositional maps of U3 and FLD16 with insets showing the high Ca regions where the 
two SIMS analyses were performed. Data are tabulated in Appendix G. 

Table 6.7: Comparison between variance explained by PCs for the PC model generated using the EDS host 
data excluding Na (used for SIMS and EDS combined measurements) and EDS host data including Na 
(Table 6.5). Five PCs are retained for both models, denoted by the horizontal line. 

Explained Cumulative exp. 

variance (%) variance (%) 


PC Exc. Na 2 Q Inc. Na 2 Q Exc. Na 2 Q Inc. Na 2 Q 


PCI 

43.5 

41.3 

43.5 

41.3 

PC2 

21.8 

23.6 

65.4 

64.9 

PC3 

14.6 

12.9 

80.0 

77.8 

PC4 

7.4 

6.8 

87.3 

84.5 

PC5 

6.2 

6.4 

93.5 

91.0 

PC6 

4.4 

4.3 

97.9 

95.3 

PC7 

2.1 

2.9 

100.0 

98.2 

PC8 

- 

1.8 

- 

100.0 


Given that the SIMS measurements were conducted in primarily glassy regions and 
the original PCA model was generated using data containing outlying compositions from 
partially-melted and unmelted regions of host objects, the major element compositions from 
within/around SIMS craters cluster near the origin (Figures 6.26-6.27). The two measure¬ 
ments made in regions with anomalous CaO compositions discussed above and shown in 
Figure 6.23 and Table 5.12 are excluded. This trend is replicated in all retained PCs, so 
they are shown and discussed collectively. While the majority of compositions cluster near 
the origin, the distribution of measurements in PCA space exhibits tailing, following the 
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PC loadings of host object PC loadings of host object 
compositions excluding Na,0 compositions 



Oxide Oxide 


Figure 6.24: Loadings of the principal components for the PC analysis of the EDS host grid data when 
excluding Na20 (left) compared to the PC loadings when all major element oxides are included. PC4 and 
PC5 have been interchanged between the two models, which is unsurprising, since they both describe similar 
amounts of variance in the original dataset (6.8 and 6.4%, respectively; Table 6.5). The inversion of PC4 on 
the left panel and PC5 on the right panel is insignificant because a PC4 and -lxPC4 are both orthogonal 
to all other PCs and are in directions that the describe the same amount of variance (known as “rotational 
ambiguity”). 


measurements of U2. Again, the perceived trend due to this tailing is most likely due to 
sampling regions that have experienced varying degrees of mixing between the melt compo¬ 
sitions that comprise U2. This tailing is most pronounced in PCs that have strong loadings 
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K 2 0 (wt. %) 


Figure 6.25: Na20 vs. K 2 0 (as wt.%) for the host object compositions measured in a grid-based pattern 
with EDS. Note the strong correlation between the oxides for K 2 0 concentrations less than approximately 
5.0 wt.%. Higher K 2 0 concentrations are representative of the solid solution ideal composition of alkali 
feldspars between albite and orthoclase, of which Na and K are linearly independent mixing end-members. 
Data are tabulated in Appendix B. 

in K 2 0, primarily PC2. Due to the a stronger separation of compositions in PC space, PC2 
is used for three of the four PCA biplots shown in Figures 6.26-6.27. 

In all PC plots, the most anomalous major element/U isotope measurements in U2 are 
not only outlying with respect to the combined major element/U isotope ratio dataset, but 
are outliers to the 3,698 grid-based EDS analyses of host objects as well. This further 
confirms that the region of outlying composition in sample U2 likely represents a soil com¬ 
position that remained relatively unmixed with melts of other compositions, but did mix 
to a limited extent with the vapor term in the fireball since it is exhibits some (albeit a 
low) enrichment in 235 U. This cluster of ten points from sample U2 have a mean 235 u/ 238 u 
ratio of 0.38 ± 0.41 (lcr; compositions shown in Table 6.8). These ten points are also high 
in Si0 2 (mean of 77.37 ± 1.24 wt.% compared to 73.77 ± 4.12 wt.% for the mean of all 
host measurements) and K 2 0 (mean of 5.33 ± 0.20 wt.% compared to 3.80 ± 0.70 wt.% for 
the mean of all host measurements). Excluding these measurements in U2, the remaining 
compositions within/around the SIMS analytical craters follow the trends of the host object 
data measured in the grid-based pattern (shown as “+” markers in Figure 6.28), indicating 
that the majority of compositions sampled with SIMS are representative of the majority of 
compositions measured across 37 samples with 3,698 EDS rasters. 

Compositions with intermediate 235 u/ 238 U values tend to plot with the majority of the 
EDS host compositions (Figure 6.29). This suggests that well-mixed, representative com¬ 
positions do not tend to have outlying U isotopic compositions (either anomalously high or 
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Figure 6.26: PCI vs. PC2 (left plots) and PC2 vs. PC3 (right plots) where the combined major element 
composition/U isotope data have been projected through the original PCA model. The top panel shows 
the loadings. The center plots show the full range spanned by host compositions measured in a grid-based 
pattern using EDS (shown with partially-transparent + markers). The bottom plots show the scores of the 
major element compositions measured from within/around SIMS analytical craters (n = 245). The color of 
the points corresponds to the measured 235 U/ 238 U ratio and the shape and color of the outline corresponds 
to where the analysis was performed. 







































CHAPTER 6. PRINCIPAL COMPONENTS ANALYSIS OF MAJOR ELEMENT AND 
U ISOTOPIC COMPOSITIONS IN FALLOUT 228 





235 U / 238 U 

1 10.0 
7.5 


PC2 ( 21.8 %) 


PC3 (14.6 %) 


Figure 6.27: PC2 vs. PC4 (left plots) and PC3 vs. PC5 (right plots) where the combined major element 
composition/U isotope data have been projected through the original PCA model. The top panel shows 
the loadings. The center plots show the full range spanned by host compositions measured in a grid-based 
pattern using EDS (shown with partially-transparent + markers). The bottom plots show the scores of the 
major element compositions measured from within/around SIMS analytical craters (n = 245). The color of 
the points corresponds to the measured 235 U/ 238 U ratio and the shape and color of the outline corresponds 
to where the analysis was performed. 
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Figure 6.28: PC plots with U2 host measurements marked. 


anomalously low 235 u/ 238 U ratios). Exceptions include the compositions with low 235 u/ 238 U 
ratios plotting near the origin in Figure 6.29. These points were measured near the center 
of sample U3, and discussed in Chapter 5 being located in a region that appears partially- 
melted. These regions did not efficiently incorporate enriched U, likely due to a high viscosity, 
preventing thorough bulk mixing and distribution of U into the center of U3. Similarly, the 
highest isotope ratios measured in this study, those in agglomerates FLD4.3.1-FLD4.3.3, do 
not follow the trend of the majority of compositions shown the plot of PC2 v.s PC3 (Figure 
6.29). This suggests that objects with anomalous major element compositions may be more 
likely to preserve anomalous U isotope ratio compositions. In the case of U2, the outly¬ 
ing compositions in the PCA model are reflective of a relatively unmixed soil composition. 
In the case of FLD4.3, the outlying compositions are enriched in Si02, and have similar 
compositions to the Si interfaces that will be discussed in Chapter 8. 

The only PC showing any correlation with the 235 U/ 238 U isotope composition is PC3, 
which exhibits a weak anti-correlation due to its negligible loading of K 2 0 and strong pos¬ 
itive loading of CaO (Figure 6.30). PC3 separates the mafic and FeO, Ti0 2 -rich composi¬ 
tions, having CaO and MgO positively-loaded, with FeO and Ti0 2 being negatively-loaded 
(likely correlated due to FeO, Ti0 2 -rich compositions in the precursor soil). In a plot of 
PC2 against PC3, the majority of compositions from the EDS host object analyses (the 























CHAPTER 6. PRINCIPAL COMPONENTS ANALYSIS OF MAJOR ELEMENT AND 
U ISOTOPIC COMPOSITIONS IN FALLOUT 230 



2 < 235U/238(J < g 


235U/238(J < 2 Of 235U/238U > 8 


235 u/ 238 u 

1 10.0 
7.5 
5.0 
|2.5 

Type 

O Agglomerate 
□ Host 
A Interface 


Figure 6.29: PC2 vs. PC3 showing compositions with intermediate 235 U/ 238 U isotope ratios (2 < 235 U/ 238 U 
> 8; left panel) and outlying 235 U/ 238 U isotope ratios ( 235 U/ 238 U < 2 or 235 U/ 238 U > 8; right panel). 

partially-transparent “+” markers) and the compositions from within/around the SIMS 
analysis craters plot along a roughly one-to-one line intercepting the y-axis at the origin 
(Figure 6.30). The SIMS measurements conducted in the K 2 0-rich, Si0 2 -rich, and CaO- 
poor region in U2 plot near the x-axis in Quadrants II and III, meaning PC3 exerts little 
influence on these points, due to the negligible K 2 0 loading in PC3. This negligible K 2 0 
loading coupled with strong loading of CaO yield a weak anti-correlation between PC3 and 
the 235 U/ 238 U ratio, remarkably similar to the bivariate plot of 235 U/ 238 U versus CaO, when 
the measurements in U2 are removed (compare Figures 6.30 and 6.22). 



Figure 6.30: PC plots with U2 host measurements marked. 
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Table 6.8: Compositions of outlying measurements in sample U2 with their PCI and PC2 coordinates 
arranged by their 235 U/ 238 U ratio. 


PCI 

-2.97 

-1.72 

-2.29 

-2.00 

-1.98 

-2.23 

-2.05 

-1.63 

-1.92 

-1.80 


PC2 235U/238U 
-3.17 0.034 

-3.67 0.052 

-3.61 0.165 

-3.34 0.192 

-3.21 0.288 

-3.52 0.301 

-3.77 0.320 

-3.39 0.350 

-3.05 0.607 

-3.45 1.470 


2 a Si0 2 lex 
0.002 80.15 3.39 
0.002 77.09 3.26 
0.004 77.29 3.27 
0.003 77.86 3.29 
0.004 75.81 3.21 
0.005 77.72 3.29 
0.020 76.67 1.04 
0.010 75.85 0.94 
0.011 78.03 0.66 
0.090 77.24 0.54 


A1 2 0 3 la K 2 0 

13.28 0.67 4.98 

14.46 0.73 5.55 

13.93 0.70 5.32 

14.28 0.72 5.27 

13.24 0.66 5.16 

14.43 0.72 5.22 

13.86 0.48 5.55 

13.47 0.46 5.54 

14.24 0.11 5.16 

14.13 0.23 5.50 


la CaO la 

"020 0.07 0.00 

0.22 0.25 0.01 

0.21 0.32 0.01 

0.21 0.32 0.01 

0.21 0.42 0.02 

0.21 0.27 0.01 

0.24 0.35 0.06 

0.18 0.52 0.28 

0.05 0.53 0.03 

0.13 0.43 0.13 


FeO la Ti0 2 

0.79 0.04 OTT 
0.97 0.05 0.27 

0.92 0.05 0.15 

1.14 0.06 0.18 

1.32 0.07 0.17 

1.00 0.05 0.12 

0.99 0.13 0.15 

1.28 0.30 0.18 

1.21 0.01 0.20 

1.12 0.16 0.17 


la MgO lex 

"005 0.05 0.01 

0.08 0.10 0.01 

0.04 0.04 0.01 

0.05 0.13 0.02 

0.05 0.09 0.01 

0.03 0.09 0.01 

0.03 0.07 0.02 

0.00 0.18 0.12 

0.03 0.16 0.03 

0.04 0.19 0.07 


PCA projections by sample 

Separating out measurements within individual samples, the influence that each sample con¬ 
tributes to apparent trend in PC space can be examined using PC2 and PC3, which creates 
the greatest separation in compositions in the combined major element/U isotopic dataset 
(Figures 6.31-6.32). While the collective distribution of compositional measurements spans 
a wide range in the PCA projection, measurements within individual samples tend to cluster 
closely. Counterexamples are measurements in samples U2, U1B, and FLD16, which exhibit 
a large range in their PC2 scores. The host measurements in U1B are tightly clustered, but 
combined major element/U isotopic measurements in the agglomerates U1B.2 and U1B.L 
deviate from the host compositions, contributing the range spanned by all measurements in 
U1B. Overall, however, host and agglomerate measurements of most samples tend occupy a 
relatively restricted region of PC space. This observation indicates hosts and agglomerates in 
the same sample tend to have similar compositions. To quantify how similar different objects 
are to each other ( e.g ., hosts and agglomerates in the same sample) a different multivariate 
approach must be used, which will be shown and discussed in Chapter 7. 


6.8 Conclusion 

This chapter uses the multivariate approach of PCA and bivariate plots to visualize and 
analyze the two separate datasets collected in this dissertation: first the grid-based EDS 
analyses of host objects and agglomerates across entire objects and then the combined major 
element/U isotope dataset from measuring the major element compositions within/around 
SIMS analytical craters. The major element compositions of host objects (n = 3, 698) was 
used to generate the PC space (Eqn. 6.7). To determine the number of PCs to retain, a 
noise-injection method using UP matrices was used. The first 5 PCs were largely stable to 
variations within analytical uncertainty, suggesting the first 5 PCs are primarily modeling 
true variance in the data instead of noise. These 5 PCs were shown to be controlled by 
unmelted/partially-melted compositions in the soil, bolstering the observation discussed in 
Chapter 4 that fallout from this event is dominantly formed from the melting and mixing of 
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Figure 6.31: PC2 vs. PC3 of a PC space generated using the EDS host grid data, excluding Na20. Plots 
show the SIMS/EDS measurements performed in each sample with measurements in other samples shown as 
partially transparent, with measurements in agglomerates and over interfaces marked following the legend in 
the top left plot, which shows the full range spanned major element/U isotopic measurements in all samples. 
The color in the labels of these measurements also corresponds to their 235 U/ 238 U ratio following the legend 
(in case the marker is obscured by overlapping data). The loadings are shown in Figure 6.26. 


minerals in the local lithology. Therefore, major element behavior in fallout is controlled by 
the environment immediately surrounding the nuclear event. 

Bivariate plots of 235 U/ 238 U ratios as a function of each major element show no strong 
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Figure 6.32: PC2 vs. PC3 of a PC space generated using the EDS host grid data, excluding Na20. Plots 
show the SIMS/EDS measurements performed in each sample with measurements in other samples shown as 
partially transparent, with measurements in agglomerates and over interfaces marked following the legend in 
the top left plot, which shows the full range spanned major element/U isotopic measurements in all samples. 
The color in the labels of these measurements also corresponds to their 235 U/ 238 U ratio following the legend 
(in case the marker is obscured by overlapping data). The loadings are shown in Figure 6.26. 


trends with major element composition. This observation is in contrast to the documented 
associations between Pu and Ca, Mg, and Fe in fallout from the Trinity event, as well 
as the frequent association observed between U and Ca, Mg, and Fe at the compositional 
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interfaces of agglomerates in fallout from this event (discussed further in Chapters 8 and 
9). One exception is the positive correlation between the 235 U/ 238 U ratio and CaO, MgO, 
FeO, which were measured in sample U2. However, as discussed, this anomaly is likely 
due to poor and incomplete physical mixing between two melts of distinct composition 
and the finite size of the SIMS analytical regions, instead of some chemical behavior (such 
as volatility). Excluding measurements in U2 reveals a weak anti-correlation between the 
remaining 235 U/ 238 U measurements and the CaO composition, consistent with data from 
bulk ICP-MS measurements of whole dissolved samples from this event (Figure 6.22) [57]. 

The combined major element/U isotope dataset (n = 245) was then projected through 
the original PC model. The majority of compositions from this dataset cluster near the 
origin, as they were primarily conducted in the glassy regions of fallout and contain few 
outlying compositions. The strongest trend between PCs and 235 U/ 238 U ratio is shown in 
the plots of PC2 versus PC3 (Figure 6.30), due to strong loadings of K 2 0 in PC2 (separating 
the compositions from sample U2) and a strong loading CaO and negligible loading of K 2 0 
in PC3. When considering measurements by sample, examination of PC3 versus PC2 shows 
that measurements in agglomerates and their associated host objects tend to occupy similar, 
restricted regions in PC space (Figures 6.31 and 6.32). Compositional heterogeneity largely 
occurs between samples in this fallout population. The glassy regions of agglomerates and 
their host objects tend to be relatively similar to one another, with respect to both major 
elements and U isotope ratios. This observation further supports the conclusions of Chapters 
4 and 5, indicating that the carrier melt and the vapor term of the fireball tend to exhibit 
homogeneity at the local scale. The major element and U isotopic compositional similarities 
between agglomerates and their associated hosts is visualized and quantified in Chapter 7. 
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Chapter 7 

Compositional Similarity Analysis of 
Agglomerates and Host Objects 

7.1 Chapter overview 

In the next multivariate analysis, agglomerates and host objects are compared based on their 
compositional similarity. First, to visualize the compositional similarity of all analyzed host 
objects and agglomerates simultaneously, a technique known as Multidimensional Scaling 
(MDS) is used. MDS models and approximates the compositional similarities (the distance 
between objects in compositional space, also referred to as dissimilarities , because larger 
values indicate objects are farther apart, and therefore, more compositionally dissimilar) 
between all objects and projects these points onto a 2D map while maintaining, as closely as 
possible, the inter-object distances from the higher dimensional space. This technique creates 
a simple map that shows qualitatively the compositional similarity between all characterized 
agglomerates and host objects in a single representation. 

Next, the compositional similarity between agglomerates and their associated host objects 
is quantitated (i.e., not modeled, as in the case of MDS) by calculating the Euclidean distance 
from agglomerates to their associated host objects in full 7D compositional space. The more 
compositionally similar a pair of agglomerates and their host objects are (i.e., the shorter the 
Euclidean distance between the two objects), the more likely they were formed from similar 
precursor melts. Greatly different compositions between a given set of agglomerates and 
their host objects suggests formation from distinct precursor melts prior to agglomeration or 
that or that agglomerates experienced a different fireball environment (e.g., longer residence 
time, sourced from a different type of soil from a different part of the fireball, etc.) prior to 
colliding and coalescing with their associated host objects. 

Both the MDS model and the Euclidean distance calculation are first performed for the 
major element dataset only to focus on the precursor/soil origins of these materials. Next, 
the combined major element/U isotopic dataset is explored to understand differences in how 
agglomerates and their host objects interacted with and incorporated the bomb vapor. 
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In Chapter 6, uncertainty perturbed matrices (“UP matrices”) of the original data matrix 
were used to determine how sensitive different principal components were to the analytical 
uncertainty in the EDS measurements. In this chapter, UP matrices are used to calculate and 
show analytical uncertainties in the MDS projection and Euclidean distance calculations. 


7.2 Multidimensional scaling 

In Chapter 6, PC A was used to visualize and interpret relationships between variables (the 
major element oxides). This chapter visualizes and interprets relationships between whole 
objects (entire agglomerates and host objects). Two separate techniques are used here. First, 
to visualize the compositional relationships between all agglomerates and host objects simul¬ 
taneously, a qualitative visualization technique known as Multidimensional Scaling (MDS) 
is used. Similar to PCA, the goal of MDS is dimension reduction. MDS reduces the number 
of dimensions of the original dataset by modeling the inter-object distances in full compo¬ 
sitional space (7 dimensions in this study) and generating a lower dimensional projection 
of points (2 dimensions in this study) where each point corresponds to an object. This 2D 
mapping attempts to preserve the higher dimensional distances between objects in the lower 
dimensional mapping. These inter-object distances in 7D space are called dissimilarities, 
as objects more similar in composition are closer together (have smaller dissimilarities) and 
objects farther apart are more dissimilar (have larger dissimilarities). The dissimilarities 
of agglomerates and their host objects are represented by a single measure of their major 
element or combined major element/U isotopic composition. To reduce the influence of 
outlying compositions, the median composition is used here. 

In this study, the multivariate compositional space is derived from the major element 
composition dataset collected by EDS or the combined major element/U isotopic dataset that 
includes U isotope ratios collected by SIMS and EDS rasters collected from within/around 
these SIMS analytical craters and excludes Na 2 0 (Figure 6.18). The dimensionality of the 
multivariate space is the same in both cases. In the analyses in this chapter, MgO is also 
excluded in both cases, as discussed below. What changes between the two datasets is 
the number of characterized objects (37 hosts and 58 agglomerates in the case of the EDS 
only dataset and 17 hosts, 31 agglomerates, and 10 interfaces in the case of the combined 
SIMS/EDS dataset) and the variance around the calculated compositions due to the overall 
number of measurements used to calculate the centroid of an object’s composition. 

Both PCA and MDS use square, symmetric matrices whose entries contain the relation¬ 
ship between either different variables (e.g., Si0 2 , A1 2 0 3 , etc., for PCA) or different objects 
(e.g., host FLD10, agglomerate FLD4.3.3, etc., for MDS). However, in contrast to PCA, 
which uses a correlation matrix, a type of similarity matrix, where larger elements indicate 
stronger relationships between variables, MDS uses a dissimilarity matrix D, where larger 
elements (riy) of D indicate that objects are less compositionally related. A commonly used 
measure of dissimilarity, and the measure of dissimilarity used here, is the Euclidean distance 
between objects [154, 155]. The Euclidean distance ((%) between two objects i and j is given 
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by 


dij = (x\ - x{) 2 + ( x\ - x J 2 ) 2 + ... + - x 3 n ) 2 , (7.1) 

where the subscripts 1 ...n denote the different variables (e.g., x\ denotes the Si0 2 
composition of an object, x 2 denotes the A1 2 0 3 composition of an object, etc.). 

For m objects, m(m — l)/2 distances must be computed to account for the distances 
between each pair of objects. Because the distance from any object to itself is 0 and = dji, 
D is an m x m triangular matrix with Os for diagonal elements. 

The elements of D are calculated using all n dimensions. MDS then models these dis¬ 
similarities in a lower dimensional space, such that: 

S is » d ij: (7.2) 

where 8ijS are the modeled distances, which then comprise the elements of the modeled 
distance matrix A. Similar to PCA, if one retains all n dimensions, then A = D. Depending 
on the goodness of fit, two or three dimensions often satisfactorily represents the analytical 
dissimilarities (ri^s) in full dimensional space between the objects [156]. Because MDS plots 
are used here to qualitatively explore and visualize similarities before the Euclidean distance 
between agglomerates and their host objects is quantitated (Sections 7.5 and 7.6), both 
datasets are projected and plotted in 2D. 

The mapping between the analytical dissimilarities (dys) and the representation of these 
dissimilarities in lower dimensional space with modeled distances (<%s) requires some a priori 
knowledge or assumption of how d^ is related to S l3 . Some MDS models assume strong 
relationships, such as S t j being linearly related to d l3 [157]. That is, an increase in analytical 
dissimilarity between two objects results in a proportional increase in the modeled inter-point 
distance between those objects in the lower dimensional mapping. A more commonly used 
(albeit weaker criterion), and the one used in this study, is that of monotonicity between 
the higher dimensional and lower dimensional representations. Monotonicity means that the 
rank orders of the magnitudes 8ij and d l3 are preserved [158, 159]. That is, if the analytical 
dissimilarities were placed in order of largest to smallest, the modeled distances would follow 
that same ordering. This type of MDS is known as ordinal non-metric MDS (referred to 
as nMDS herein). nMDS is used here because it provides a better representation in fewer 
dimensions than other forms of MDS [160]. 

Analytical dissimilarities rarely obey the monotonic constraint [158]. Instead, nMDS 
generates a monotonic fit to the analytical dissimilarities (ri^s), which is used to map be¬ 
tween the analytical dissimilarities in 7D space and the modeled distances in 2D space [161]. 
While the primary goal of nMDS is to find the optimum configuration of points in 2D with 
inter-point distances (<5q-s) that best match the analytical dissimilarities (d^s), an interme¬ 
diate step is that a monotonic function must be fit to the analytical dissimilarities (d^s) 
to satisfy the relationship between the higher and lower dimensional representations [161]. 
This monotonic fit contains approximated dijS referred to disparities (d^s), which are then 
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used to approximate the analytical dissimilarities in the lower dimensional configuration of 
points in 2D. That is, 


dij y dij y Sij 

analytical monotonic modeled 

dissimilarities —* disparities —>■ distances 

Goodness of fit of nMDS models 

Similar to other methods of fitting models to analytical data, the goodness of fit in nMDS 
is measured by the normalized sum of the squared residuals, referred to as the stress ( S ) 
in MDS literature [157]. The goodness of fit of an nMDS model is how well the modeled 
distances in 2D (d^s) match the disparities (d^s) measured using the residuals between these 
values. That is, 


5 = 


N 


E (in - 4) 2 
E<*| 


(7.3) 


Historically, MDS models with stresses between 0.1-0.2 are considered “fair”, between 
0.05-0.1 are considered “good”, between 0.025-0.05 are excellent, and a stress <0.025 is 
considered “near-perfect” [158]. 1 

The best fit configuration of points in lower dimensional space is found by minimizing the 
stress [161]. As a result, nMDS is an iteratively solved technique, unlike PCA [158, 159]. To 
find the minimum stress, the nMDS algorithm begins with a random configuration of points 
in the user-defined dimensionality of the lower dimensional projection (2D here; Fig. 7.1). 
The modeled inter-point distances (5q-s) in this lower dimensional mapping are calculated. 
A monotone regression, from which the disparities (dy-s) are extracted, is then conducted 
using the dataset of (d^, 5ij ) coordinate pairs. The stress (Eqn. 7.3) is then calculated 
between the disparities (dys) that comprise the regression and the modeled distances (d^s). 
The algorithm then iterates until the minimum stress is reached (typically fewer than 100 
iterations). In this study, nMDS modeling is performed using the metaMDS function in the 
vegan package in the statistical programming language R [162], which follows the nMDS 
algorithm presented in [161]. 

The nMDS goodness of fit is visualized using a stress plot (Fig. 7.2) [157]. The stress 
plot shows the modeled distances in the 2D projection as a function of the 7D analytical 
dissimilarities for each pair of inter-object distances, which have coordinate pairs (d^-,^) 
and are shown as blue markers in Figure 7.2. The monotonic regression and disparities are 


1 A perfect fit indicates that there is a perfect monotonic relationship between the modeled distances 
(Sijs) and the disparities (dij s). 
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Figure 7.1: nMDS algorithm for finding the optimum lower dimensional configuration. 


also plotted as a function of the dissimilarities (red line). The residuals used to calculate 
the stress (Eqn. 7.3) are the vertical distances between the ( dij,Sij ) coordinate pairs (blue 
markers) and the (<4,-, <4,) coordinate pairs (red line). 

Calculating the dissimilarity matrix 

Compositional data are represent parts of a whole and sum to approximately or exactly 100 
wt.%, also known as a closure constraint. Due to closure, compositional data exist on the 
simplex S n and not in real, Euclidean space M n . As a result, the data must be mapped to M n 
prior to calculating the Euclidean distances between different objects, which is accomplished 
here using Aitchison’s CLR transformation (as discussed in Chapter 6; Eqn. 6.8). These 
Euclidean distances between objects in 7D space represent the dissimilarities d l3 that are 
elements of the dissimilarity matrix D. Following the CLR transformation, the data are 
pre-treated following the standard scaling method (Eqn. 6.7): the mean from each variable 
is subtracted and each variable is individually scaled to have a variance equal to 1, identical 
to the PCA data pretreatment used in Chapter 6. 

The compositional centroid of an object 

Agglomerates and host objects were characterized using one or more analyses (as described 
in Chapters 4-6). To calculate the distance between agglomerates and host objects a single 
distance must be used. In this case, some measure of the compositional centroid of the 
sample must be defined. To avoid the bias from outliers such as measurements in nearly- 
pure Si0 2 regions, the median compositions of agglomerates and host objects are used as the 
centroid and Euclidean distance is calculated between medians of different pairs of objects, 
which comprise the elements of the dissimilarity matrix used in the MDS model. 
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Figure 7.2: Stress plots of MDS models of the the major element compositional data set of hosts and ag¬ 
glomerates (top) and the combined major element/U isotopic dataset from EDS rasters taken within/around 
the SIMS craters (bottom). These plots show the modeled distances (%s) as a function of the analytical 
dissimilarities (dij s) (blue markers). The non-metric monotonic fit (which contains the disparities, d t js) is 
also shown (red line) plotted as a function of the analytical dissimilarities (<%s). Modeled distances that 
have large vertical deviations from the monotonic fit contribute to large values of stress (Eqn. 7.3). The 
top plot is an example of a “good” fit with S < 0.1 and the bottom plot is an example of a “fair” fit with 
0.1 < S < 0.2. 
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Uncertainties in MDS 


Like other multivariate techniques, MDS ignores analytical uncertainty and assumes that the 
distance between objects is much greater than the uncertainty in measuring that object’s 
position in multivariate space. To model the effect of the analytical uncertainty on the final 
multivariate model in this dissertation, UP matrices are randomly generated to produce 
uncertainties in MDS space. The points in the following MDS plots correspond to the mean 
MDS coordinates for each object from the 500 UP matrix simulations and the uncertainties 
represent 2cr about these mean values (Fig. 7.3). 


UP matrix generated from original data 


matrix 

^ i 

1 


Centered log-ratio transformation of 


major element data 


_1_ N 


Each variable is mean subtracted and 


scaled to unit variance 




Median composition of each object is 

| Repeat j 
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Inter-object distances in 7D are 


1 calculated (dissimilarities, d y ) 


_1_ s 


Non-metric Multidimensional 


Scaling 


' 1 ' 


Coordinates of modeled distances in 

1 2D is stored for every object 

I— 1 


Mean and 2a of each object’s 500 
coordinate pairs is calculated 


MDS projection is plotted 


Figure 7.3: Flow chart for generating points and uncertainties in MDS plots. The nMDS step is shown in 
Figure 7.1. 

First an UP matrix is generated using the original data matrix and its associated un¬ 
certainties. The data are CLR-transformed (Eqn. 6.8) to map the data to Euclidean M n 
space, then standard scaled (Eqn. 6.7) so each variable carries equal weight in the model. 
The median composition of each object is then calculated from these data, which is used to 
calculate the Euclidean distance between objects in multivariate space (Eqn. 7.1.), forming 
the dissimilarity matrix D tj . This dissimilarity matrix is used for the 2D nMDS modeling 
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(Fig. 7.1). After the MDS model converges, the MDS coordinates of each object is recorded 
and the process is repeated 500 times (limited by the computational power and memory of 
the computer system used). After 500 simulations, the mean of these coordinates for each 
object is used as the data point and the two times standard deviation of these coordinates 
is used as the 2a uncertainty shown in the MDS plots. 

Reading an MDS plot 

Although points have coordinates in MDS space, these coordinates are arbitrary. 2 Unlike 
PCA, the axes in MDS are not meaningful and are not linear combinations of the original 
variables, so should not be interpreted as such. MDS plots are used to determine the relative 
similarity between objects only. The only meaning that can be assigned for two objects that 
plot in, say, quadrant I and one object that plots towards the bottom left of quadrant III 
is that the two objects in quadrant I are more similar than those objects are to the object 
plotting towards the bottom left in quadrant III. The plots are useful for searching for 
clustering, groupings of objects, outliers, and comparing the similarity of large number of 
objects in high dimensional space in a 2D or 3D plot. 


7.3 MDS model of the major element only dataset 

The median compositions of agglomerates and host objects were used to represent the com¬ 
positions of objects in the MDS models. For the first MDS model, which uses the major 
element only dataset, the median major element compositions of agglomerate and host ob¬ 
jects are calculated from the 3,698 EDS raster measurements taken in grid-based patterns 
across host objects (used to generate the PCA space in Chapter 6) and the 679 EDS mea¬ 
surements characterizing the agglomerates. These measurements characterized the major 
element compositions across a total of 95 objects: 37 host objects and 58 agglomerates. 

The calculated stress from the converged solution of the non-metric MDS model is 0.099, 
considered a “good” fit [158]. While the fit is improved if more than 2 dimensions are 
used, a 2D MDS projection shows the approximate similarity between all objects clearly 
and simultaneously (Fig. 7.4; data tabulated in Appendix I). Figure 7.4 shows the modeled 
proximities of all agglomerates (red circles) and host objects (grey squares) with outliers 
marked. Examples of the compositional similarity or dissimilarity between agglomerates 
and their associated host objects are shown in Figure 7.5 for samples U1B, FLD4.3, FLD23, 
FLD14, FLD4.4, and AE.C. 

Collectively, most of the host objects (grey squares) cluster close together near the origin, 
except for FLD25 (in quadrant III), FLD5.3 (in quadrant II), and FLD3.2 (in quadrant I). 
The reason for close proximity of most of the host objects is likely due to the relatively large 
number of EDS measurements performed per host, such that anomalous compositions tend 
to be averaged out. Using the median composition as an object’s compositional centroid also 

2 While numbers are shown in the axes in MDS plots in this dissertation, that is not done customarily. 
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MDS1 


Figure 7.4: MDS modeled proximities of the median compositions of all agglomerates and host objects char¬ 
acterized with EDS in grid-based patterns (95 total objects). Points represent the mean of 500 non-metric 
MDS models generated using randomly-generated UP matrices and the uncertainties represent 2 standard 
deviations about that mean (Fig. 7.3). The proximity between objects highlights compositional similarity, 
while large distances between objects indicates those agglomerates or host objects are compositionally dis¬ 
similar. The majority of host objects tend to cluster towards the center, while agglomerates are more widely 
spread. Data are tabulated in Appendix I. 


helps negate the influence of infrequent outlying compositions measured in host objects. In 
the case of FLD25, FLD3.2, and FLD5.3, much of the host objects contain outlying composi¬ 
tions, leading them to plot far from other host objects and agglomerates. The compositions 
of FLD25 and FLD3.2 have been previously discussed in Chapter 6: FLD25 contains a large 
region of primarily felsic composition and FLD3.2 appears largely unmelted/partially-melted 
from backscatter electron images. FLD5.3 is depleted in CaO, A1 2 0 3 , and MgO relative to 
the average bulk composition, and also exhibits a heterogeneous activity distribution (Table 
4.6 and Figure 2.18). 

In contrast to host objects, agglomerates tend to be less clustered near the origin. While 
agglomerates were previously noted as tending to be well-mixed due to their smaller size, 
fewer EDS measurements can be performed in each agglomerate, so a small number of 
outlying measurements may lead to an outlying composition. The spread of the agglomerates 
and tighter spread of the hosts in this MDS model are bolstered by the histograms in Figs. 
4.11 and 4.13, which show the mean compositions of each object overlaid with the KDEs 















CHAPTER 7. COMPOSITIONAL SIMILARITY ANALYSIS OF AGGLOMERATES 
AND HOST OBJECTS 244 


U 1 B 

t 


1113:2 , :. uib.l 

+ .. +. : I ", ■¥ 

i 

■ptn 

.. 


fld4Jb.3 

* * 

---. 








■3 -i 

2-10 1 

2 


■3 -i 

2-16 i 

2 

2- 

FLD 4 .' 

4 i4 


2- 

AE.C 



MDS 2 





4 ♦ 

la 




.. fi + FILDrl• 

+ ♦% =l -D 4 . 4 | 2 T 



P * * 

■ /T >.*• + 

C 2 1 1 










■3 -i 

2-10 i 

MDS 1 

2 


■3 -i 

2-10 i 

MDS 1 

2 


Figure 7.5: Examples of the relative compositional similarity between agglomerates and their host objects 
for the major element only dataset. The panels show the agglomerates and host objects of U1B, FLD4.3, 
FLD23, FLD14, FLD4.4, and AE.C while rendering all other characterized objects as partially transparent. 
These examples showcase several different compositional similarities between agglomerates and their host 
objects, as discussed in the text. Data are tabulated in Appendix L 
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from the host object grid-based EDS measurements. These figures reveal a larger spread in 
mean agglomerate compositions relative to mean host object compositions. 

There appears to be no segregation between the population of agglomerates and host 
objects, confirming that agglomerates and host objects do not preserve distinct compositional 
trends. Agglomerates and host objects within the same sample often have close proximities, 
however. Two examples of agglomerates compositionally similar to their host objects are 
FLD14, FLD23 (Figure 7.5), but while not shown, also include the agglomerates and host 
objects of U4, U3, FLD21, AA.B, AG.D, and FLD17 (Appendix I). 

There are noteworthy exceptions: the agglomerates FLD4.3.1, FLD4.3.2, and FLD4.3.3, 
and FLD4.3.UA, plot far from FLD4.3, their host object (Figure 7.5). FLD4.3.1, FLD4.3.2, 
and FLD.4.3.3 are the agglomerates with the highest measured U isotope ratio in this study. 
In addition, the agglomerates U1B.2 and U1B.L plot far not only from their relatively com¬ 
positionally homogeneous host object U1B (Figure 7.5 and Table 4.6), but plot even further 
from each other, suggesting a great degree of compositional dissimilarity between these 
agglomerates (unsurprisingly, U1B.L is an interior agglomerate while U1B.2 is a surface 
agglomerate). 

While host objects are often similar to their associated agglomerates, agglomerates within 
the same sample are also often similar to each other. For example, the agglomerates in 
samples FLD14, FLD23, FLD4.4 and FLD4.3 (Figure 7.5), and while not shown, also include 
the agglomerates of FLD18, U3, U4, FLD21, AA.B, FLD17, and AG.D (11 of the 15 samples 
with both hosts and agglomerates characterized with EDS) have agglomerates that show 
one or more groupings in the MDS projection (Appendix I). This suggests that same- 
sample agglomerates tend to have similar compositions as well and therefore, may also be 
derived from similar precursor melts. In several instances (such as FLD4.4.1 and FLD4.4.2 in 
FLD4.4), agglomerates are compositionally similar to each other, but distinct in composition 
to the host object, which could be due to the breakup and agglomeration of parcels of melt 
distinct in composition to their respective host objects (and while not shown in Figure 7.5, 
other examples include the agglomerates of AA.B; Appendix I). 

Samples with multiple clusters of compositionally similar agglomerates, such as sample 
FLD4.3 (FLD4.3.1, FLD4.3.2, and FLD4.3.3 form one group, FLD4.3.4, FLD4.3.5 form an¬ 
other, and FLD4.3.UA is distinct from both groups) suggest a formation history through 
agglomeration of multiple parcels of melt with distinct composition. This is bolstered by 
the observation that agglomerates FLD4.3.1, FLD4.3.2, and FLD4.3.3 are also spatially 
proximate to each other within sample FLD4.3, being within 80 jum of each other 3 and 
all are interior agglomerates. While FLD4.3.UA is within 100 pm of these agglomerates, 
FLD4.3.UA is a surface agglomerate, suggesting it collided at a later time. Similarly, the 
agglomerates FLD23.1.1, FLD23.1.2, FLD23.1.3 are all located spatially close to each other 
(within 150 pm of each other); FLD23.2.1, and FLD23.2.2 are within 50 pm of each other; 
agglomerates FLD23.4.1, FLD23.4.2, FLD23.5.1 are within approximately 300 pm of each 

3 These spatial distance were determined by measuring the distances between approximate centers of the 
furthest agglomerates. 
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other; and FLD23.3.1 and FLD23.3.2 are 85 jum apart. This consistent observation further 
shows that compositionally-similar agglomerates are often preserved at spatially proximate 
locations. However, in the case of agglomerates FLD4.4.1 and FLD4.4.2, two surface ag¬ 
glomerates that have similar compositions, are located on near-opposite sides of their host 
object, being spaced approximately 1 mm apart. Finally, having both spatial proximity 
and similar location of attachment (attached, surface, interior) does not necessarily imply 
compositional similarity, as exemplified by agglomerates Cl and C2 in sample AE.C (both 
attached agglomerates), spaced approximately 280 /un apart. 

7.4 MDS model of combined major element/U 
isotopic dataset 

To determine how the differing bomb vapor interactions between agglomerates and host 
objects affects their compositional similarity, U isotopic measurements are included in the 
second MDS model (Fig. 7.6). This model uses the same combined major element/U isotopic 
dataset as the PCA analysis in Section 6.7; tabulated in Appendix G) to calculate the median 
compositions of agglomerates and host objects, calculate the distances between these objects 
in compositional space, then model those distances with MD . In contrast to the PCA 
analysis, where the major element compositions of host objects taken in grid-based patterns 
were used to generate the PCA model and the combined major element/U isotopic dataset 
was projected through the PCA model, this MDS model directly uses the combined major 
element/U isotopic dataset to generate the MDS model. 

The MDS model from the combined major element/U isotopic dataset uses the Si02, 
A1 2 0 3 , K 2 0, CaO, FeO, and Ti0 2 compositions from targeted EDS rasters within/around 
SIMS craters combined with the 235 u/ 238 U ratio from these SIMS analyses to project the 7- 
dimensional distances of 58 total objects into 2-dimensional space. These 58 objects include 
17 host objects, 31 agglomerates in 13 samples, and 10 measurements of agglomerates over 
interfaces (in 6 samples) that also significantly sampled the host (defined here as >25% of 
the total crater or raster area overlapping the host). 

For this model, SIMS rasters over the interface that significantly sampled the host were 
considered as separate compositions (shown as blue triangles), to avoid biasing the dataset. 
These ten measurements include five measurements for which there are at least one other 
SIMS/EDS measurements within the agglomerate itself (U1B.L, FLD10.L, FLD17.int.l, 
FLD23.L, and FLD4.3.3) and five measurements where these interfacial measurements are 
the only measurements characterizing the agglomerate (U3.3, U3.4, U3.5, FLD4.3.1, and 
FLD4.3.5). Of the five interfacial measurements where there are other SIMS/EDS measure¬ 
ments to characterize the agglomerate, four (U1B.L, FLD17.int.l, FLD23.L, and FLD4.3.3) 
are from agglomerates with Si interfaces. These interfacial compositions over Si interfaces 
plot between the agglomerate and the host in terms of proximity (Figure 7.7). Having the 
interfacial composition plot between the host object and the agglomerate for the four Si 
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interfaces suggests the Si interface itself does not greatly alter the overall composition of 
the measurement, as plotting between the agglomerate and host object is expected because 
both are sampled during the analysis.In contrast, the interfacial composition of the only 
agglomerate exhibiting a CaMgFe interface, FLD10.L, does not plot between FLD10.L and 
FLD10 in Figure 7.6. These interfaces are further discussed in Chapter 8 and 9. 



MDS 1 


Figure 7.6: MDS plot of all agglomerates and host objects characterized with the combined major element/U 
isotopic dataset. Interfaces measurements are SIMS rasters that overlapped the host with more than 25% of 
the total crater or raster area occupied by the host. Points represent the mean of 500 non-metric MDS models 
generated using randomly-generated UP matrices and the uncertainties represent 2 standard deviations about 
that mean. The proximity between objects indicates major element/U isotopic compositional similarity, while 
large distances between objects shows that those objects are compositionally dissimilar. There are larger 
uncertainties in this MDS projection due to the fewer analyses used to characterize each object compared 
to the major element only dataset (Fig. 7.4). Outliers in the MDS projection are marked and data are 
tabulated in Appendix I. 

Objects that clustered closely in the MDS plots using EDS raster data also tend to 
cluster closely in the combined EDS/SIMS MDS plots, despite using two different data sets. 
(Compare the clustering of agglomerates and host objects between the two MDS projections 
of U1B, FLD4.3, FLD23, and FLD14 in Figures 7.5 and 7.7). While they are two separate 
data sets, as shown in Chapter 6, the mean major element compositions of objects, as 
calculated from the two distinct datasets, do not deviate appreciably from one another when 
there are more than 1-2 combined major element/U isotopic measurements are used to 
calculate the composition of an object. However, what combined major element/U isotopic 
MDS model shows, in contrast to the major element MDS model discussed in Section 7.3, is 
that the differing extent that agglomerates and their host objects interacted with the bomb 
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vapor does not greatly alter the clustering when using only major element compositions 
to generate the MDS model. That is, agglomerates and hosts that exhibit similar major 
element compositions do not tend to exhibit grossly different U isotopic compositions. 



MDS1 


MDS1 


Figure 7.7: MDS plot of all agglomerates and host objects characterized with the combined major element/U 
isotopic dataset. Interfaces measurements are SIMS rasters that overlapped the host with more than 25% of 
the total crater or raster area occupied by the host. Points represent the mean of 500 non-metric MDS models 
generated using randomly-generated UP matrices and the uncertainties represent 2 standard deviations about 
that mean. The proximity of points highlights compositional similarity, while large distances between points 
shows that those points are compositionally dissimilar. The majority of host objects tend to cluster towards 
the center, while agglomerates have a wider spread. Data are tabulated in Appendix I. 
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7.5 Compositional similarity by sample 

MDS models the Euclidean distances between agglomerates and hosts and projects them in 
2D space to simultaneously visualize the similarity of all all characterized objects. When 
considering agglomerates and host objects in the same sample, only a single metric needs 
to be considered: the Euclidean distance from agglomerates to their associated host object 
(e.g., the Euclidean distance between interior agglomerate U1B.L and host U1B; Figure 7.8). 
Collectively, these plots show that with respect to the data set of EDS rasters where entire 
objects were characterized, agglomerates tend to be compositionally similar to the associated 
host objects. 

Figure 7.8 shows the compositional similarity of agglomerates relative to each of their 
hosts in three ways. First, in the top panel, the Euclidean distance (Eqn. 7.1) is plotted 
for each agglomerate relative to its host, with all other objects being shown as partially- 
transparent. The middle panel shows the distance of agglomerates to their hosts as a per¬ 
centile of its distance all other objects characterized in this dissertation relative to that same 
host (including all other host objects and other agglomerates). For example, if an agglom¬ 
erate is plotted at the 25th percentile relative to its host, 75% of all other characterized 
objects, both agglomerates and hosts, are more compositionally dissimilar to that particular 
host than the agglomerate. Finally, the last panel shows a cumulative distribution function 
(CDF) of the distance percentile of all agglomerates relative to their host objects. The ag¬ 
glomerates in the top two panels of Figure 7.8 are colored and shaped by their location of 
attachment and their uncertainties as 2a about the mean from 500 UP matrix simulations, 
as described above. As a proxy for uncertainty in the CDF plot in the bottom panel of 
Figure 7.8, 500 UP matrices were generated and their CDFs drawn (shown in pale grey). 
The median of those 500 UP matrix simulations calculating the distance percentile from 
agglomerates to their respective hosts is shown in the bold red line. 

The median CDF in Figure 7.8 shows that over 50% of all agglomerates are within the 
25th distance percentile relative to their hosts (median percentile is 55% of all agglomer¬ 
ates, with the simulations ranging from 38% to 58%) and over 75% of all agglomerates are 
within the 50th distance percentile relative to their hosts (median percentile is 81% of all 
agglomerates, with the simulations ranging from 66% to 84%). 

Collectively, the major element composition of agglomerates tend to be more similar 
in composition to their hosts than other hosts or agglomerates in other samples. This 
compositional similarity indicates that agglomerates and their host objects generally tend to 
be formed from similar precursor melts. This result is surprising given first the diversity of 
unmelted soil present in the lithology and second the turbulent mixing and rapid expansion 
that occurs within the fireball, which may incorporate, loft, and heat many thousands of 
tons of soil for each kT of yield (Table 1.1). 

If agglomerates and their host objects are formed from similar parcels of precursor melts, 
lofted and melted soil likely did not travel far between formation and agglomeration before 
quenching. That is, melts are locally homogeneous. In addition, as an ensemble, the scale 
of compositional similarity suggests that melts do not travel far within the fireball before 
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Figure 7.8: The similarity of agglomerates to their respective hosts for the EDS raster dataset characterizing 
entire objects. The top panel shows the Euclidean distance of agglomerates (colored and shaped by their 
attachment location) to their respective hosts, with all other objects shown as partially transparent. The 
middle panel shows these distances as a percentile, showing how similar agglomerates are relative to all 
other characterized objects. Uncertainties are 2cr for the top and middle panels. The bottom panel shows 
the cumulative distribution function of 500 randomly generated UP matrix configurations of the distance 
percentiles in grey with the median CDF highlighted in red. Data are tabulated in Appendix L 
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colliding and agglomerating prior to quenching. Rapid cooling timescales (fallout formation 
occurs on timescales of order seconds [44, 67]) prevents complete incorporation and mixing of 
agglomerates and their host objects, preserving their distinct mixing patterns and textures 
and the compositional interface separating them, so they appear as distinct objects within 
the same sample while exhibiting similar major element compositions. 

There are notable exceptions to the general trend of compositional similarity between ag¬ 
glomerates and their host objects. The agglomerates most dissimilar in composition to their 
host objects are the interior agglomerates FLD4.3.1, FLD4.3.2, and FLD4.3.3 incorporated 
into host FLD4.3. Notably these are also the agglomerates measured to be most enriched in 
U isotopes in this study and will be explored and discussed further in Chapter 9. 

Finally, attached agglomerates appear to be more similar to their respective hosts than 
either surface or interior agglomerates (Fig. 7.8). Thirteen of the seventeen attached agglom¬ 
erates characterized by EDS (~76%) are within the 25th distance percentile, compared to of 
the 15 of the 31 surface agglomerates («44%) and 2 of the 10 interior agglomerates (20%). 
However, roughly the same percent of interior and surface agglomerates are within the 50th 
distance percentile: 15 of the 17 attached agglomerates («88%), 27 of the 31 (~87%) on 
the surface agglomerates, but only 5 of the 10 (50%) interior agglomerates fall within the 
50th distance percentile of their host. This suggests that interior agglomerates (melts that 
collided and accreted with their host melt at earlier times and higher temperatures), despite 
being fully incorporated into the host object and interacting with the host melt longer than 
other co-located surface or attached agglomerates, are to be formed from a more dissimilar 
parcel of melt relative to their associated host object. 

7.6 Compositional and U isotopic similarity by 
sample 

Next, to determine how including the bomb vapor interaction affects the similarity between 
agglomerates and their hosts, the combined major element/U isotopic dataset is used to 
compare the similarity between agglomerates and their respective hosts. Figure 7.9 shows 
the same three panel scheme explained in the section above except using the combined major 
element/U isotopic dataset. The top panel shows the Euclidean distance of agglomerates 
relative to their hosts (29 agglomerates in 12 hosts, whose color and shapes correspond to 
their location of attachment). 4 The middle panel shows these distances as percentiles, which 
shows each agglomerate’s similarity to its associated host object relative to all other objects 
characterized with the combined SIMS/EDS approach. Finally, the bottom panel shows the 
cumulative distribution function of distance percentiles (from the middle panel) from the 
median of 500 UP matrix simulations. 

4 Excluding analyses over interfaces where the host was significantly sampled by the SIMS raster to avoid 
biasing the dataset. 
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Figure 7.9: The similarity of agglomerates to their respective hosts for the combined major element/U 
isotopic dataset. The top panel shows the Euclidean distance of 29 agglomerates (colored and shaped by their 
attachment location) to their respective hosts, with all other objects shown as partially transparent. These 
plots exclude 5 agglomerates where the only SIMS analysis of the agglomerate also significantly sampled 
the host in addition to the interface and the agglomerate: FLD4.3.1, FLD4.3.5, U3.3, U3.4, and U3.5. The 
middle panel shows these distances as a percentile, showing how similar agglomerates are relative to all 
other characterized objects. Uncertainties are 2cr for the top and middle panels. The bottom panel shows 
the cumulative distribution function of 500 randomly generated UP matrix configurations of the distance 
percentiles in grey with the median CDF highlighted in blue. Data are tabulated in Appendix I. 





















CHAPTER 7. COMPOSITIONAL SIMILARITY ANALYSIS OF AGGLOMERATES 
AND HOST OBJECTS 253 


The combined major element/U isotopic dataset has more uncertainty than the grid- 
based EDS dataset (shown in Figure 7.8) because of the fewer number of measurements per 
object. However, these data show a similar trend to the grid-based EDS: as a collection, 
agglomerates are more similar to their host objects than to other agglomerates or host objects 
in other samples. The CDF shows that from the 500 UP matrix simulations, the median 
percent of agglomerates that are within the 25th distance percentile are 38% (ranging from 
24% to 58%), 83% are within the 50th distance percentile (ranging from 62% to 90%), and 
93% of the agglomerates fall within the 75th distance percentile to their respective hosts 
(ranging from 79% to 100%). Overall, these results show not only compositional similarity 
between agglomerates and their respective hosts, but U isotopic similarity as well. 

Similar to the grid-based EDS dataset, exterior agglomerates are most similar to their 
host objects, compared to both surface and interior agglomerates. The Euclidean distances 
of the combined major element/U isotopic compositions of 6 of the 8 attached agglomerates 
(75%) are within the 25th distance percentile of their hosts, while 0 of the 15 surface ag¬ 
glomerates, and 1 of the 6 interior agglomerates (~17%) fall within the 25th percentile of 
their hosts. All eight attached agglomerates (100%) are within the 50th percentile in terms 
of similarity to their hosts, while 13 of the 15 surface agglomerates (~87%) and 2 of the 5 
interior agglomerates (40%) fall within the 50th percentile of their hosts. Again, the most 
dissimilar agglomerates are interior agglomerates, with FLD18.2 and FLD4.3.3 being more 
dissimilar to their hosts than more than 75% of the characterized objects (81st ± 5 and 81st 
± 7 distance percentiles, respectively). 

The compositional and U isotopic similarity between agglomerates and their host objects 
suggests that not only do they tend to be formed from similar precursor melts, but that 
agglomerates and host objects interacted similarly with the bomb vapor in the fireball. This 
observation suggests that agglomeration occurs in a localized environment in the fireball, 
as inter-sample U isotopic heterogeneity is extensive (see Chapter 5), even for samples this 
population, which were all collected at similar distance from ground zero. 


7.7 Conclusion 

Multidimensional scaling provides a means to visualize and compare the similarity between 
all the compositions of agglomerates and host objects characterized in this study simulta¬ 
neously. In this chapter, an MDS model was first created using the grid-based EDS dataset 
alone (Figures 7.4). This first MDS model included Si0 2 , A1 2 0 3 , Na 2 0, K 2 0, CaO, FeO, 
and Ti0 2 as variables in calculating different objects’ similarity based on their median com¬ 
position for 95 total objects: 58 agglomerates in 15 samples and 37 host objects. This model 
using only major element compositions shows that host objects tend to be fairly tightly 
clustered, implying a high degree of similarity in their median compositions (with three ex¬ 
ceptions in hosts FLD25, FLD3.2, and FLD5.3). The agglomerates, despite being well-mixed 
and compositionally quasi-homogeneous, exhibit a greater degree of scatter because they are 
more likely to contain anomalous compositions. Observations from the MDS plots alone 
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show that agglomerates and host objects in the same sample tend to cluster close together, 
whether it be host objects and agglomerates ( e.g ., the host FLD23 and its associated ag¬ 
glomerates; Figure 7.5), or agglomerates clustering near other agglomerates located in or 
attached to the same host (e.g., the agglomerates of FLD4.4; Figure 7.5). 

This host-agglomerate similarity is also apparent in the second MDS model, created us¬ 
ing the dataset of SIMS measurements of U isotopic ratios combined with EDS rasters from 
within/around those SIMS analysis craters (Figures 7.6). This MDS model shows how the 
addition of a bomb vapor component affects the compositional similarity between agglomer¬ 
ates and their host objects. The EDS/U MDS model included 235 U/ 238 U, Si0 2 , A1 2 0 3 , K 2 0, 
CaO, FeO, and Ti0 2 as variables in calculating different objects’ similarity based on their 
median composition for 60 total objects: 33 agglomerates in 13 samples, 10 interface mea¬ 
surements that also significantly sampled the host object in 6 samples, and 17 host objects. 
This MDS model showed a greater degree of uncertainty because of fewer measurements per 
object, but agglomerates and their host objects that clustered closely in the major element 
only MDS model also tended cluster closely in the major element/U isotopic MDS model. 
This consistency between both MDS models indicate that agglomerates and their host ob¬ 
jects that are compositionally similar also tend to have similar U isotopic compositions as 
well. Furthermore, all interface measurements over “Si” interfaces plotted between the ag¬ 
glomerate and the host, suggesting a shared similarity between the two objects. However, 
the interface measurement over FLD10.L, which is a “CaMgFe” interface did not, likely due 
to the existence of a deposition enriched in species such as Fe, Ca, Mg, and 235 U/ 238 U at the 
interface (discussed in Chapters 8 and 9). 

Instead of relying on a qualitative 2-dimensional representation of 7-dimensional space to 
determine the compositional similarities between objects, the Euclidean distance for agglom¬ 
erates relative to their hosts was calculated for both the major element and combined major 
element/U isotopic datasets (Figs. 7.8 and 7.9, respectively). These data quantify the obser¬ 
vations from the MDS plots: agglomerates tend to be more similar to their hosts than other 
objects when both considering the EDS raster only dataset and the EDS/SIMS combined 
dataset. For the EDS raster dataset (Fig. 7.8), which includes more objects, the median 
CDF from the 500 UP matrix simulations shows that 55% of all agglomerates are compo¬ 
sitionally more similar to their respective hosts than 75% of all other characterized objects 
(that is, they fall within the 25th distance percentile) and a median of 81% of agglomerates 
are compositionally more similar to their respective hosts than 50% of all other characterized 
objects. Similarly, when using the EDS/SIMS dataset, which adds U and excludes Na 2 0, 
(Fig. 7.9), a median of 47% agglomerates fall within the 25th distance percentile of their 
respective hosts and a median of 83% agglomerates fall within the 50th distance percentile 
of their respective agglomerates. 

The compositional similarity between agglomerates and their host objects suggests that 
agglomerates, as a collection, tend to likely have formed from similar precursor melts as their 
host objects. This suggests agglomerates were not formed some other material (such as a 
finer size fraction of soil), nor did agglomerates experience a grossly different environment 
in the fireball (such as excessive volatilization compared to their hosts). 
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The U isotopic and compositionally similarity between agglomerates and their hosts 
suggests that, as a collection, agglomerates and host objects also experienced similar ambient 
environments in the fireball prior to agglomeration. In addition to being formed from melts 
of similar compositions, agglomerates and their host objects tend to incorporate similar 
amounts of U from vapor phase in the fireball. 

Finally, both datasets indicate that exterior agglomerates tend to be most similar to 
their host objects (~76% and 75% of the exterior agglomerates falling within the 25th 
distance percentile in terms of similarity to their hosts for the EDS raster and EDS/SIMS 
datasets, respectively), followed by surface agglomerates, and then interior agglomerates. 
Exterior agglomerates are also observed to most frequently exhibit CaMgFe compositional 
interfaces between themselves and their host objects. This location of attachment (both the 
agglomerate and the host must have been relatively cool and near closure) and the proposal 
of these interfaces being a vapor deposition layer imply a late stage collision and accretion 
[68]. It is possible longer residence times in the fireball homogenize exterior agglomerates 
more than surface or interior agglomerates. 

Both the major element and U isotopic compositions of agglomerates and host objects 
have been explored in Chapters 4-7. However, the compositional interfaces of agglomerates, 
while studied in recent works, have yet to be analyzed here [67, 68, 84], In particular, the Si 
interface, which is observed bounding agglomerates in all attachment locations and appears 
with much greater frequency than CaMgFe interfaces (Chapter 3) requires study as it has 
not been previously noted in the fallout literature and may add insight into the fireball 
environment at the time of agglomeration. 

Chapter 8 studies the major element behavior across the CaMgFe interfaces studied here, 
comparing the results to previous findings, then characterizes the major element behavior 
across Si interfaces. In Chapter 9, the U isotopic behavior across both CaMgFe and Si 
interfaces are also studied to understand how the two compare and possible scenarios that 
could lead to the formation of Si interfaces. 
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Chapter 8 

Interface Major Element 
Compositions 


8.1 Chapter overview 

This study characterizes the major element and U isotopic composition of exterior, surface, 
and interior agglomerates. However, compositional interfaces may preserve the ambient 
vapor environment just prior to agglomeration, informing oxidation conditions and how the 
surfaces of melts interacted with the fireball prior to quenching. Two types of compositional 
interfaces between agglomerates and host objects are observed. The first interface type 
(“CaMgFe interfaces”) tends to be enriched in CaO, FeO, and MgO and depleted in A1 2 0 3 . 
The second interface type (“Si interfaces”) are enriched in Si0 2 and depleted in A1 2 0 3 and 
all other major element oxides. While the behavior of major elements and the possible source 
of CaMgFe interfaces has been discussed in depth previously [67], the occurrence and source 
of Si interfaces has not been previously noted in the literature, despite being observed in 
this study to occur with a much higher frequency than CaMgFe interfaces (see Chapter 3) 
[67, 68, 84], 

To characterize the behavior of major elements across compositional interfaces, quantified 
EDS compositional maps are used to extract smoothed line traverses perpendicular to the 
interface. From these maps, the major element composition of interfaces is determined and 
compared with EDS raster data of hosts, agglomerates, and unmelted soil first using bivariate 
plots and then by projecting the interface compositions into the PCA model generated in 
Chapter 6 from the grid-based EDS raster measurements of host objects (n = 3, 698). 

Previously unreported Si interfaces surround agglomerates at all attachment locations, 
while CaMgFe interfaces are observed only arround exterior and surface agglomerates. Si 
interface are also observed to surround host objects, a behavior unobserved in CaMgFe 
interfaces. The formation of Si interfaces is likely a condensation process, which occurs earlier 
than the formation of CaMgFe interfaces. The formation of Si interfaces is hypothesized to 
occur in dusty regions of the fireball, where the partial pressure of SiO sas is high enough to 
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preferentially condense Si from the vapor phase onto the surface of melts. 

8.2 Recent findings of CaMgFe interfaces 

Weisz (2016), Weisz et ah (2017), and Weisz et al. (2018) studied the major element 
composition and U isotopic composition of interfaces between host objects and exterior 
agglomerates and two surface agglomerates in five samples [67, 68, 84], Data from eight 
agglomerates across four samples are used in this dissertation: AA.B (agglomerates Bl, B2, 
and B3), AE.C (agglomerates Cl and C2), AG.D (agglomerates D1 and D2), and AH.E 
(agglomerate El). 1 In the nomenclature used in this dissertation, agglomerate Bl is an 
exterior agglomerate attached to agglomerate B3, which is an exterior agglomerate attached 
to the host of AA.B. Agglomerate B2 is a surface agglomerate of agglomerate B3, between 
Bl and B3. Agglomerates Cl and C2 are both exterior agglomerates attached to AE.C, 
agglomerates D1 and D2 are both exterior agglomerates attached to AG.D, and agglomerate 
El is an exterior agglomerate attached to sample AH.E, while agglomerate E2 is a surface 
agglomerate of sample AH.E. Figure 8.1 shows two of these studied CaMgFe interfaces in 
sample AG.D. Weisz conducted EPMA traverses across these interfaces to measure major 
element composition (Si0 2 , A1 2 0 3 , Na 2 0, K 2 0, CaO, FeO, Ti0 2 , MgO, and MnO) of the 
interface using 1 fim diameter analyses spaced 1 /jrn apart across entire agglomerates and 
across interfaces. The behavior of U isotopes at CaMgFe interfaces was measured by sampling 
the interfaces using NanoSIMS rasters. Analyzed isotopes via NanoSIMS include: 235 U, 238 U, 
30 Si, 44 Ca, and either 54 Fe or 56 Fe, and were used to produce NanoSIMS image of 235 U/ 238 U, 
235 U/ 30 Si (used as a proxy for U concentration since the Si content was found to vary <10% 
across CaMgFe interfaces), 44 Ca/ 30 Si, and 54,56 Fe/ 30 Si (the latter two ratios serve as proxies 
for the Ca and Fe concentrations across the interface, respectively). 

The compositional interfaces studied by Weisz (2016) were observed to be enriched in 
Ca, Fe, Mg, and 235 U and depleted in Al relative to the region immediately adjacent in 
either the agglomerate or host object. Table 8.1 tabulates the enrichments or depletions of 
characterized major element oxides and isotope ratios across the studied interfaces. Figure 
8.2 shows the enrichment of four major element oxides across four interfaces as measured by 
Weisz using EPMA [68]. Weisz speculated that the source of these interface enrichments is a 
late-stage deposition of species in the vapor phase. This layer becomes trapped between two 
rapidly cooling, viscous, molten or partially-molten silicate objects, so has a limited amount 
of time to diffuse into both the agglomerate and host object before the melt quenches. 

Using volatility arguments alone, the co-enrichment of Ca, Mg, and Fe and depletions of 
Al and Ti cannot be explained given the oxide forms assumed in this dissertation. A1 2 0 3 
has a similar boiling point to CaO (observed to be enriched in some interfaces) and is often 
co-located with CaO in a major mineral phase present in the soil—plagioclase. Weisz (2016) 
explains that the unknown speciation and variable oxygen fugacity within the fireball can 

1 This dissertation does not use data from agglomerate C3 in sample AE.C or agglomerate E2 in sample 
AH.E because NanoSIMS analyses were not conducted across their compositional interfaces. 
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Figure 8.1: BSE image of CaMgFe interfaces previously characterized by Weisz (2016) for exterior agglom¬ 
erates D1 and D2 (in sample AG.D). Inset A1 compositional X-ray map highlights the respective enrichment 
and depletion of A1 at the compositional interface. The A1 compositional X-ray map on the far right shows 
two uncharacterized surface agglomerates between agglomerates D1 and D2. 


significantly affect the condensation temperatures. While many fireball models assume a 
highly oxygenated fireball, several recent studies provide evidence for a highly-variable and 
partially-reducing fireball environment [44, 69]. 

To confirm the observations of Weisz (2016) and Weisz et al. (2017) regarding the 
location of CaMgFe interfaces and the major element behavior across these boundaries, 
three additional CaMgFe interfaces in three samples are characterized in this study. Two of 
these CaMgFe interfaces were subsequently sampled with NanoSIMS analyses to compare 
the behavior of enriched U across these boundaries with the findings of [67, 68]. All CaMgFe 
interfaces in this study (three new CaMgFe interfaces in three samples in addition to the 
eleven CaMgFe interfaces in five samples characterized by Weisz (2016)) bound either exterior 
or surface agglomerates, bolstering the argument that the source of this interface is a late- 
stage process. 


8.3 Si interfaces 

Si interfaces were first noted in this study when using qualitative compositional maps of 
whole samples to identify the size, frequency, and location of agglomerates (Figure 3.10). 
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Table 8.1: Summary of initial findings on CaMgFe interfaces, as first reported by Weisz (2016) and Weisz 
et al. (2017) showing the relative enrichment or depletion of major element oxides, the 235 U/ 30 Si ratio and 
235 U/ 238 U ratio at 9 interfaces (11 total interface scans: two scans were conducted across agglomerates Cl 
and C3) in five samples. This summary was determined using the supplemental data tables from [67], which 
was analyzed independently for this study. Interface compositions are considered enriched if a point within 
1 n m of the interface peak identified by Weisz et al. (2017) is greater than the mean of concentrations or 
ratios between 1 and 3 fim on both sides of the interface. 


Element 

Interface behavior 

Si0 2 

Enriched in 5 of 11 interfaces 

A1 2 0 3 

Depleted in 10 of 11 interfaces 

Xa 2 () 

Enriched in 3 of 11 interfaces 

k 2 o 

Depleted in 7 of 11 interfaces 

CaO 

Enriched in 11 of 11 interfaces 

FeO 

Enriched in 11 of 11 interfaces 

Ti0 2 

Depleted in 6 of 11 interfaces 

MgO 

Enriched in 9 of 11 interfaces 

235 U/ 30 Si 

Enriched in 5 of 9 interfaces 

235 pc/238pc 

Enriched in 6 of 9 interfaces 


While CaMgFe interfaces are only observed to bound surface and exterior agglomerates, the 
discovery of Si interfaces revealed the preservation of interior agglomerates in these fallout 
samples, indicating some Si interfaces formed comparatively earlier to CaMgFe interfaces for 
agglomerates attached to the same host. While Si interfaces are observed to predominantly 
bound surface and interior agglomerates, they do infrequently bound exterior agglomerates 
as well, as discussed below. Furthermore, Si interfaces are observed to occur with greater 
frequency than CaMgFe agglomerates. Of the 233 agglomerates in 18 samples identified in 
Chapter 3, 200 are bounded by Si interfaces (~86%). Given the frequency of Si interfaces, it 
is important to characterize major and trace element compositions across these boundaries 
to hypothesize under what conditions they might form and determine how they differ from 
CaMgFe interfaces. 


8.4 EDS mapping of interfaces 

To characterize compositional interfaces, this dissertation uses quantified EDS maps collected 
at resolutions of <0.3 /jm/pixel. The magnification of these maps varied, but sampled at least 
~10 /irn on either side of the interface. Each interface was mapped until pixels at the interface 
contained at least 1000 counts of Si and several hundred counts of Al, which took between 
3-8 hours. Elements such as Fe, Ca, and Al contained ~30-50 counts per pixel. Maps were 
then quantified using the internal ZAF quantification scheme of Bruker’s ESPIRIT 2 software 
and then transformed to oxides, using the assumed stoichiometry discussed earlier in this 
dissertation (Section 4.2). In contrast to EDS raster analyses, compositions of quantified 
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Figure 8.2: EPMA traverses across 4 CaMgFe interfaces (a subset of the 11 studied by Weisz (2016) and 
Weisz et al. (2017)) showing the major element behavior of SiC>2, AI2O3, CaO, and FeO across the interfaces. 
Plots are generated for this study using data from [67] and are centered at x = 0 /im based on their FeO 
maxima. Traverses were conducted using a 1 /im primary electron beam and analyses were spaced 1 pm 
apart. Traverses move from the agglomerate side on the left of each plot, across the interface at x = 0 pm, 
into the host object on the right. Uncertainties are lcr and are smaller than the points in all panels except 
the FeO panel. The maxima in three of the four Si peaks relative to both the agglomerate and host object 
side are slightly offset relative to the FeO peak (Cl’s Si02 peak is offset by 1 pm towards the agglomerate, 
while C3 and El are offset towards the host object). While Si0 2 appears to be generally enriched near 
the interface, the relative change in Si0 2 composition is small, less than 10% compared to the agglomerate 
composition for all interfaces characterized in [67, 68]. This argument is used in [67, 68] to justify using 
the 235 U/ 30 Si ratio as a proxy for the U concentration across the interface. In contrast, the CaO and FeO 
interface compositions are enriched at CaMgFe interfaces, generally 50% or more relative to the agglomerate 
composition (x < 0 pm). 


line scans were normalized to 100. 

ImageJ image analysis software was used to extract linear profiles across the interfaces 
[86]. Line profiles were smoothed ( i.e averaged) using widths of 50 pixels or more to reduce 
uncertainty. These smoothed scans were extracted along the region of the interface that 
exhibited the least amount of curvature to avoid artificially increasing the apparent width 
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of the interface and drawn roughly perpendicular to interface boundaries (Figure 8.3). 

To determine the uncertainty of each smoothed step in the line scan, a one pixel wide 
line profile was drawn perpendicular to the line scan, with a length equal to the number 
of pixels used for smoothing (between 50-250 pixels long). Each pixel represents a sample 
of the composition along the interface traverse. The presented uncertainty is 2 times the 
standard error the mean (2SEOM) of these pixels (>50 pixels, depending on the number of 
pixels smoothed for that particular interface). 
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Figure 8.3: A1 compositional map (on right) and extracted linear traverse across the interface between 
agglomerate U1B.L and host object U1B (on left). The interface traverse is extracted from an EDS com¬ 
positional map («125 nm/pixel resolution) and smoothed using a line width of 250 pixels («31 pm). The 
y-axis for the plots are the compositions (as wt.% oxide) for each of the major elements analyzed using EDS. 
UlB.L’s interface is an Si interface, so the interface traverse is centered at the Si0 2 maxima. The traverse 
begins in the agglomerate, passes over the interface near x = 0 pm and ends in the host. In this case, the 
centering is slightly off-center due to the noise in the Si0 2 peak with the maximum Si0 2 concentration being 
shifted slightly toward the agglomerate (<1 pm). Uncertainties are 2SEOM calculated assuming n = 250 
(250 pixels were used for smoothing) and using the standard deviation from 250 pixels taken from a line 
drawn perpendicular to the interface traverse. For this Si (and most other Si interfaces), Si is the only 
analyzed major element enriched at the interface, while all other analyzed elements show a depletion or no 
measurable change across the interface. 

If the interface was additionally characterized with NanoSIMS, the location of the EDS 
maps were deliberately collected near the location of the NanoSIMS raster. However, in 
some cases, excessive mapping of these regions pre-SIMS analysis (to plan for the NanoSIMS 
analysis) and post-SIMS analysis lead to Na 2 0 volatilization. In these instances, another 
section of the interface was mapped instead. 

To compare EPMA traverses (such as those reported in [67, 68]) with EDS map traverses 
(this study) in both composition, width, and major element behavior across the interface, 
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several additional examples of traverses from EDS maps were collected near EPMA traverses 
(from Weisz (2016)). EDS map traverses taken near EPMA traverses show generally good 
agreement with the EPMA data. Figures 8.4 and 8.5 illustrate two such traverses in agglom¬ 
erates Cl (from sample AA.C) and D2 (from sample AG.D), respectively for each of the 
major elements measured with EDS. 2 These two traverses extend to 10 jum on either side of 
the interface and were both centered using the FeO maxima. 

For EDS map-based (map resolution of ~0.14 /irn /pixel and the traverse was smoothed 
using an ~14 /irn wide line) and EPMA-based traverses across the CaMgFe interface of 
agglomerate Cl (Fig. 8.4), Si0 2 , A1 2 0 3 , CaO, FeO, and MgO show comparable compositions 
on the agglomerate side, at the interface, and on the host side. The EDS compositions of Ti0 2 
is systematically higher than the EPMA compositions, a trend not replicated in the traverse 
across Figure 8.5. While both traverses show similar compositional trends for Na 2 0 and K 2 0 
(with Na 2 0 slowly increasing across the entirety of the traverse and K 2 0 increasing until 
the interface, rapidly decreasing across the interface and then slowly increasing again) the 
measured compositions are systematically different. The EDS-measured Na 2 0 composition 
is approximately 100% greater than the EPMA-measured composition across the entirety of 
the traverse (~2 wt.% for EPMA and ~4 wt.% for EDS), with the K 2 0 composition measured 
by EDS being approximately 10% greater than the EPMA-measured composition across the 
entirety of the traverse. This trend is mimicked on the agglomerate side of the traverse 
across the interface of D2 (Figure 8.5). This suggests that Na 2 0, and to a lesser extent, K 2 0 
volatilized during the EPMA spot analyses, and that the EDS mapping technique used in 
this dissertation may minimize these effects. Finally, and most importantly, the enrichments 
and depletions observed in the EPMA traverses are replicated with the EDS map traverses 
across the interface of agglomerate Cl. 

In contrast, the agreement between the EDS map-based (map resolution of f«0.25 /irn/ pixel 
and and the traverse was smoothed using an «31 /irn wide line) and EPMA-based traverses 
across the interface of agglomerate D2 is not as strong, despite the traverses being taken ~20 
jum from each other (Fig. 8.5). The enrichments in CaO and FeO and depletion A1 2 0 3 are 
replicated in the EDS map (again, both interfaces are centered based on their FeO maxima). 
However, the EDS map also shows a «5% enrichment in Si0 2 just prior to the interface. 
FeO and Ti0 2 show the best agreement between these two approaches. While Si0 2 and 
A1 2 0 3 strongly agreed across the Cl interface (Fig. 8.4), the compositions slightly disagree 
in the D2 traverse (by approximately 5 % and 10-15% relative for Si0 2 and A1 2 0 3 , respec¬ 
tively). The disagreement is small and may result from the compositional heterogeneity in 
the agglomerate, such as that visible in the A1 compositional map (top right panel of Fig. 
8.5). 

These comparisons confirm relatively good agreement in compositions and enrichment 
trends of different major elements across CaMgFe interfaces studied previously. The quan¬ 
tified EDS maps suffer from increased uncertainty compared to the EPMA traverses even 
when smoothing by averaging a large number of pixels perpendicular to the interface. How- 

2 Weisz (2016) and Weisz et al. (2017) also measured MnO using EPMA. 
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Figure 8.4: Comparison between EPMA (data taken from [67]) and EDS map-based traverses across the 
CaMgFe interface Cl in sample AA.C for each of the elements characterized using EDS in this study (left 
panel). The top right image shows a BSE image of sample AA.C with exterior agglomerates Cl and C2. The 
magnified inset in the bottom right shows an A1 compositional map indicating the approximate location and 
width (13.6 pm/100 pixel smoothing width) of the traverse conducted using quantified EDS compositional 
maps. The point spacing of the EPMA traverse was 1 pm and the point spacing of the EDS traverse is 
0.14 pm (the resolution of this map). Trends for most of the element oxides are replicated in the EDS 
map-based traverse as observed in the EPMA traverse. However, the EDS-derived Na20 and K 2 0 traverses 
are systematically higher, possibly due to volatilization using the EPMA technique. The deviation between 
the EPMA and EDS Ti0 2 traverses is possibly due to the different quantification schemes used for EPMA 
and EDS. Uncertainties are la for the EPMA data and 2a for the EDS map data. 


ever, the EDS maps provide higher spatial resolution (<0.3 pm), and are therefore able to 
resolve enrichment trends not observed with EPMA ( e.g the enrichment in Si just prior to 
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Figure 8.5: Comparison between EPMA and EDS compositional map scans across the CaMgFe interface D2 
in sample AG.D (left panel). The bottom right panel shows a BSE image of sample AG.D and agglomerates 
D1 and D2, with the inset above (top right panel) showing an A1 compositional map indicating where Weisz 
(2016) conducted the EPMA traverse, as well as the approximate location and width (30.7 pm/125 pixel 
smoothing width) of the traverse conducted using quantified EDS compositional maps (this study). The 
point spacing of the EPMA traverse is 1 pm and the point spacing of the EDS traverse is 0.25 pm, which is 
the pixel size for this map. However, there is likely some smearing effect due to the finite size of the electron 
beam, so the resolution of the EDS traverse is likely greater. The systematic disagreement between Si02 
and AI2O3 between the two techniques may be due to compositional heterogeneity since the traverses were 
taken in different locations. Uncertainties are lcr for the EPMA data and 2cr for the EDS map data. 


the CaMgFe interface of agglomerate D2, Fig. 8.5), and do not appear to volatilize Na 2 0 or 
K 2 0. 
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CaMgFe interfaces analyzed in this study 

New CaMgFe interfaces analyzed for this study by both EDS and NanoSIMS are all exterior 
agglomerates: FLD10.L, FLD14.L, and FLD18.1. These CaMgFe interfaces show major 
element enrichments and depletions consistent with the previous observations of Weisz (2016) 
and Weisz et al. (2017) (Figure 8.6; 235 U enrichments are discussed in Chapter 9). The 
three interfaces are all observed to be enriched in FeO, CaO, and MgO (enrichments for all 
characterized major elements are shown in Appendix J). In addition, all three interfaces are 
depleted in Al across the interface and two of the three show minor, but resolvable, offset 
enrichments in Si0 2 . These Si0 2 enrichments are offset within 2 /jm of the FeO interface, 
and enriched «3-5 wt.% relative to the agglomerate or host composition. 



Interface 
FLD10.L 
-*■ FLD14.L 
FLD18.1 


Figure 8.6: Traverses extracted from quantitative EDS compositional maps collected across the CaMgFe 
interfaces of FLD18.1, FLD14.L, and FLD10.L. All three are exterior agglomerates. The peaks are centered 
at x = 0 pm based on their FeO maxima. Similar to the interfaces studied by Weisz (2016), these interfaces 
uniformly exhibit enrichments in CaO, FeO, and MgO (not shown) and depletions in AI2O3. Two of the 
three interfaces (FLD10.L and FLD14.L) also exhibit enrichments in Si0 2 offset towards the host by «2 pm. 
Uncertainties are 2cr. Data are tabulated in Appendix J. 
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8.5 Si interfaces analyzed in this study 

In contrast to CaMgFe interfaces, which show persistent enrichment of several major elements 
at the compositional interface of most (but not all) exterior agglomerates and some surface 
agglomerates, Si interfaces appear only enriched in Si0 2 and are observed to bound all three 
types of agglomerates: exterior, surface, and interior agglomerates. Figure 8.7 shows six 
examples of traverses extracted from quantified EDS maps across Si interfaces: FLD23.L is an 
exterior agglomerate, FLD14.1 is a surface agglomerate, and the remaining four agglomerates 
are interior agglomerates. In contrast to traverses of CaMgFe interfaces, these plots of Si 
interfaces are centered at x — 0 /irn based on their maximum Si() 2 concentration. 

Examples of EDS traverses along with compositional maps highlighting the width and 
location of these traverses are shown in Figures 8.8 and 8.9. The examples shown include 
both CaMgFe and Si interfaces, with CaMgFe interfaces being centered at the location of 
their FeO maxima and Si interfaces being centered at the location of their Si0 2 maxima. 
Figures 8.8 and 8.9 show the same four element oxides as Figures 8.6 and 8.7 along with 
A1 maps showing the traverse across the interface. The color of the traverse shown in the 
A1 map corresponds to the same color of the interface in the plot. The interface points are 
highlighted in the EDS traverse plots in Figures 8.6 and 8.7, with yellow points distinguishing 
which oxide was used for centering the peak (Si0 2 or FeO) and the white points about x — 0 
jum showing the concentrations of the three other oxides for those peak points. Peak points 
are defined to be all points within 2a of either the Si0 2 or FeO maximum (depending on 
the type of interface). These interface peak points used to characterize and discuss interface 
compositions and to project interface compositions into PCA space. 

The first question about Si interfaces is one of their local, spatial occurrence. For exam¬ 
ple, do they occur surrounding agglomerates, the host objects, or both. CaMgFe interfaces 
present on on exterior and surface agglomerates have been observed to surround entire ag¬ 
glomerates, but have not been observed to surround the entire host. In contrast, Si maps 
show that both hosts and agglomerates can exhibit Si enrichment at their surfaces (Fig. 
8 . 10 ). 

Figure 8.10 shows three pairs of Si maps from samples FLD23, FLD14, and FLD4.3. The 
grayscale panel is an Si map with the red showing the thresholding used to produce the ad¬ 
jacent thresholded black and white panels. The red in the grayscale map and the black and 
white thresholded Si map highlight the Si enrichments at the surface of both host objects and 
agglomerates. FLD23 contains several small surface agglomerates (FLD23.3.1, FLD23.3.2, 
and several uncharacterized surface agglomerates) in addition to one large exterior agglom¬ 
erate (FLD23.L). All characterized agglomerates in FLD23 appear to exhibit asymmetric 
Si interfaces that are narrow on the agglomerate side and more diffuse the side of the host 
object. Figure 8.9 shows interface traverses from nine agglomerates from FLD23. Si maps 
of agglomerates from this sample show Si enrichment not just at the interface between the 
surface agglomerate and FLD23, but also on FLD23’s periphery away from agglomerates, 
suggesting that in FLD23 the Si interface is due to an Si enrichment on the host (see top 
right panels showing FLD23.L, FLD23.3.2, and FLD23.3.1 in Fig. 8.10). In the Si map 
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Figure 8.7: Example interface traverses extracted from quantitated EDS compositional maps across six Si 
interfaces. Peaks are centered at x = 0 /im based on their local maximum Si02 concentration. Traverses 
being in the agglomerate for x < 0 pm, pass the interface near x = 0 pm, and traverse into the host for 
x > 0 pm. FLD14.1 is a surface agglomerate, FLD23.L is an exterior agglomerate, and the remaining four 
are interior agglomerates. The SiC>2 enrichment at the interface can be as little as 5% relative compared 
to the agglomerate composition ( e.g ., FLD4.3.3) and rarely exceeds 10%, consistent with this and previous 
findings of CaMgFe interfaces. The remaining characterized major element oxides are tabulated in Appendix 
J. All major element oxides not shown here, except, in several cases K 2 0 or FeO, are either depleted or 
show no measurable change in composition across the interface (discussed further below; see Figure 8.19). 


of the magnified region shown in Figure 8.10, it can be seen that host object FLD23 also 
exhibits an Si enrichment at its surface when there is no surface agglomerate and is bounded 
by the epoxy. Similarly, host object FLD4.3 exhibits an Si enrichment at its periphery, as 
demonstrated by the interface between FLD4.3.UA and edge of FLD4.3 where there are no 
visible surface agglomerates. However, an Si map from taken on the other side of FLD4.3 
does not show the same Si enrichment at the periphery of the host object. Finally, the panel 
containing host object FLD14 and agglomerates FLD14.1 and FLD14.L, shows that both 
the host and an agglomerate (FLD14.1) exhibit Si enrichment at their surfaces. 

For internal agglomerates to preserve Si interfaces, either the agglomerate melt accumu¬ 
lated the enrichment at its periphery prior to agglomeration or the host melt accumulated an 
Si enrichment on its surface, which coated the agglomerate as it mixed into the host object. 
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Figure 8.8: Traverses across compositional interfaces characterized by quantitative EDS compositional maps. 
A1 compositional maps show the location and smoothing width of the interface traverses for SiC>2, FeO, AI2O3, 
and CaO. Si interfaces are centered based on their Si02 maxima and CaMgFe interfaces are centered based 
on their FeO maxima. The colors of the traverses in the compositional maps correspond to the colors of the 
traverses in the plots. Interface points are highlighted in the traverses, with yellow markers indicating which 
major element oxide (Si02 or FeO) was used to define the interface peak points for these interfaces, and 
white markers in the other panels highlighting those compositions for the other oxides. The top panel shows 
the two agglomerates characterized in FLD14: FLD14.L (and exterior agglomerate; CaMgFe interface) and 
FLD14.1 (a surface agglomerate; Si interface). The bottom panel shows FLD18.1 (an exterior agglomerate; 
CaMgFe interface) and FLD18.2 (an interior agglomerate; Si interface) in sample FLD18. Uncertainties are 
2cr. Data are tabulated in Appendix J. 


Some combination of both of these scenarios is also possible. 
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Figure 8.9: Traverses across compositional interfaces characterized by quantitative EDS compositional maps. 
A1 compositional maps show the location and smoothing width of the interface traverses for SiC>2, FeO, 
AI2O3, and CaO. All agglomerates in this figure have Si interfaces and are centered based on their Si02 
maxima. The colors of the traverses in the compositional maps correspond to the colors of the traverses 
in the plots. Interface points are highlighted in the traverses, with yellow markers indicating which major 
element oxide (SiC>2 or FeO) was used to define the interface peak points for these interfaces, and white 
markers in the other panels highlighting those compositions for the other oxides. The top row shows the two 
agglomerates characterized in U1B: U1B.L (an interior agglomerate) and FLD14.1 (a surface agglomerate). 
The bottom row shows eight interfaces from agglomerates in FLD23. Only the A1 map highlighting the 
traverses of FLD23.1.1, FLD23.1.2, and FLD231.3 are shown here. All eight agglomerates plotted for FLD23 
are surface agglomerates, except for FLD23.L, which is an exterior agglomerate. Uncertainties are 2<r. Data 
are tabulated in Appendix J. 

8.6 Possible origins of Si interfaces 

These Si enrichments surrounding agglomerates and/or hosts can plausibly arise through 
two scenarios: a process that preferentially allows Si to condense onto the surface of hosts 
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Figure 8.10: Si maps of magnified regions in the samples FLD23 (top right), FLD4.3 (top left), and FLD14 
(bottom) highlighting Si interfaces surrounding hosts and their agglomerates. The grayscale Si map shows 
the thresholded region in red used to produce the black and white thresholded Si map, showing the location 
of Si interfaces overlaying the Si compositional maps. For FLD23, the Si interface appears created by an 
Si-enriched region surrounding the host. The interface for FLD4.3.UA in samples FLD4.3 is also likely due 
to an Si-enriched region surrounding the host. Finally, the agglomerate FLD14.1 in sample FLD14 exhibits 
an Si-enriched region surrounding the the agglomerate, while the host FLD14 exhibits a slight enrichment 
surrounding the host. 


and/or agglomerates or a process that preferentially volatilizes all major elements at the 
surface of some agglomerates and hosts, leaving Si0 2 relatively enriched. 

There are two plausible explanations for surfaces enrichments of one or several elemental 
species: condensation of those enriched species from a vapor phase or volatilization from the 
melt of other species that have a significant contribution to the overall composition. 

In evaporative loss experiments in obsidian, which has a comparable major element com¬ 
position to the average fallout composition (but is less silicic), Si behaves as a moderately 
volatile species, being more refractory than the alkalis, yet more volatile than Ca, Al, and 
Ti (and behaving with similar volatility to Fe and Mg) [102], 3 Gerasimov et al. (2005) 

3 Only general trends of major element volatility are given here (i.e., alkalis behaving as volatiles, Si, Fe, 
and Mg behaving with intermediate volatility, and Ca, Ti, and Mg behaving as refractories) because the 
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notes that the compositions of glasses that were heated and quenched show a large vari¬ 
ability in final chemical composition, largely reflective of differences in temperature history, 
which reflects varying degrees of mass loss. Given the observations of the last several chap¬ 
ters showing relative localized homogeneity with respect to U isotopes (agglomerates and 
their host objects tend to be more similar in U isotope composition than to other hosts or 
to other agglomerates), but significant heterogeneity when considering the collection of U 
isotopic measurements, the partial pressures of soil-derived species in the vapor phase are 
likely similarly heterogeneous and rapidly evolving as the fireball expands and cools. As a 
result, CaO, A1 2 0 3 , and Ti0 2 are relatively enriched in the heated and quenched obsidian 
relative to the starting material because these species have proportionally volatilized the 
least. Thermodynamic calculations are consistent with these general volatility trends [102], 
Given the experimental observations and theoretical calculations, if evaporative loss were 
the source of enrichment at the surface of host objects or agglomerates, A1 2 0 3 , CaO, and 
Ti0 2 enrichment at the surface would be expected. Instead, however, Si0 2 , an oxide with 
intermediate volatility, is enriched, so evaporative loss is discarded as a plausible source of 
these Si compositional interfaces and surface enrichments in host objects and agglomerates. 
Direct Si condensation from the vapor phase is the other plausible source of Si compositional 
interfaces. 

Chondrules are a potential analogue to glassy fallout because chondrules are also thought 
to form through the flash heating and rapid cooling of rocky material. Chondrules are 
silicates found in primitive meteorites called chondrites, and commonly exhibit silica-enriched 
“rims” or “peripheries” (the nomenclature used in the cosomochemistry literature) [103, 163- 
166]. Chondrules may exhibit these silica-rich rims (part of a class of chondrules called type 
I chondrules) are thought to have formed in a similar manner to glassy fallout: flash heating 
of rocky material (in the early solar nebula) to ~2000 K, which subsequently cooled at a 
rate on the order of 10-1000 K/h [167]. 4 Studies have considered both evaporative loss and 
gas-melt condensation as the origin of the Si-enrichment in type I chondrules [103, 163, 168, 
169]. However, recent experiments show that condensing SiO( ga .s) from the vapor phase can 
lead to a preferential enrichment of Si0 2 at the surface of silicate melts [103, 170]. SiO( gas ) 
will preferentially condense from the vapor phase if the partial pressure of Si in the vapor 
phase is sufficiently high. This hypothesis has led to the speculation that chondrules with 
silica-enriched rims formed in a particularly dusty region of the solar nebula, which had a 
high concentration of fine grained silica that vaporized, increasing the partial pressure of 
SiO (gas) (the dominant Si species in the vapor phase at temperatures ^2000 K), resulting in 
a preferential condensation of SiO from the vapor phase onto molten chondrules, which then 
cooled and crystallized. 

Silica is the dominant major element oxide in soil from this test [57]. In addition, compo¬ 
sitional X-ray maps of the soil mount show many fine-grained silica-rich regions (Fig. 4.15). 

ambient environment in the fireball is still an open question [44, 69]. 

4 This cooling timescale is rapid for cosmological timescales, but not compared to cooling timescales of a 
nuclear fireball. As a result, silica-enriched rims in chondrules are often crystalline. 
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As a result, it is possible regions of the fireball vaporized a large concentrations of fine quartz 
and silicious matrices (which may more easily vaporize than other soils due to their high 
surface area-to-volume ratio and ease with which they are lofted into the fireball). Given 
the relatively high boiling point of Si0 2 , these regions with relatively high SiO( gas ) partial 
pressures likely occurred at early times in the fireball. These regions could result in early 
time, localized Si deposition on the surfaces of melts passing through them. 


8.7 Layered Si and CaMgFe interfaces 

CaMgFe interfaces have only been observed at the interfaces of exterior and surface agglom¬ 
erates in this and Weisz’s study, while Si interfaces are observed at the interfaces of exterior, 
surface, and interior agglomerates. Therefore, it is likely the Si deposition occurs earlier 
than the CaMgFe deposition. In some cases, however, agglomerates exhibit compositional 
interfaces with multiple layers, including both Si and CaMgFe interfaces. If objects experi¬ 
ence fireball environments with conditions leading to the formation of both types of enriched 
surface layers, the Si enrichment should occur first, followed by the CaMgFe layer. This tem¬ 
poral ordering of interfaces leads to a spatial ordering of interfaces around individual objects 
and limits the number of hypothesized permutations of multiply-layered interfaces that are 
observed between agglomerates and their host objects ( e.g ., FLD10.L and FLD14.L). 

Because both agglomerates and hosts are likely to experience similar fireball environments 
(given the U isotopic observations of agglomerates and hosts discussed in Chapters 5 and 7), 
but may also experience different fireball environments, some permutations of the ordering 
of compositional interfaces are possible (Figure 8.11). Figure 8.11 shows depositions that 
may result in double-layered interfaces, but given that both the host and agglomerate may 
preserve Si enrichments followed by a CaMgFe enrichment, interfaces with four layers may 
be possible. After agglomeration the two distinct CaMgFe interfaces in contact in between 
an Si interface on the agglomerate side and an Si interface on the host object side may diffuse 
together, leading to only three resolvable interfaces after the combined melt quenches. 




Traverse from agglomerate to host Traverse from agglomerate to host Traverse from agglomerate to host 

shows Si interface shows CaMgFe followed by Si shows Si interface followed by 

Possible locations: exterior, surface, interface CaMgFe interface 

interior Possible locations: exterior, surface Possible locations: exterior, surface 
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Figure 8.11: Scenarios that could lead to different interface and enrichment layers. Given observations of the relative width of the Si 
interfaces compared to the CaMgFe interfaces, an object coated first with a CaMgFe deposition layer followed by an Si deposition layer is 
not hypothesized to not occur. However, an agglomerate may be coated with Si and the host with a CaMgFe, leading to a preservation of 
an Si interface overlaid by a CaMgFe interface. However, this scenario was not observed in this study. 
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One clear example of a multiply-layered interface is the compositional interface between 
agglomerate FLD10.L and host FLD10 (Fig. 8.12). Figure 8.12 shows four compositional 
maps (Si, Fe, Al, and Ca) from the interface FLD10.L (shown on the right of each compo¬ 
sitional map). There is a small surface agglomerate near the center of each map that shows 
a compositional interface enriched in Si shared between this agglomerate and the host (vis¬ 
ible in the first and third panels) and a CaMgFe interface shared between this agglomerate 
and FLD10.L (visible in the second and fourth panels). This exemplifies the host’s surface 
(FLD10) being relatively enriched in Si, while the agglomerate’s surface (FLD10.L) is rel¬ 
atively enriched in CaMgFe. The differing behavior of the compositional interface of each 
side of the surface agglomerate suggests the Si enrichment first coated FLD10, the unchar¬ 
acterized intermediate agglomerate then impacted FLD10, and finally, FLD10.L impacted 
FLD10. The more diffuse width of the Si interface relative to the CaMgFe interface suggests 
that the Si deposition occurred earlier, while the host object was more molten. 



Figure 8.12: EDS compositional maps of the interface between FLD10.L and FLD10 showing two interfaces a 
CaMgFe interface at the boundary of agglomerate FLD10.L, followed by an Si interface between the CaMgFe 
interface and the host FLD10. A surface agglomerate near the center of the map preserves only a CaMgFe 
interface between itself and FLD10.L and an Si interface between itself and the host object FLD10. The Si 
interface appears more diffuse than the CaMgFe interface. 

Further evidence for interfaces containing multiple layers include several traverses across 
CaMgFe interfaces with slightly offset enrichments that could be Si interfaces. These exam¬ 
ples include agglomerate El in sample AH.E, agglomerate D2 in sample AG.D, and agglom¬ 
erate FLD14.L in sample FLD14 (all exterior agglomerates; Figs. 8.2 and 8.6). 
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8.8 Interface compositions 

The mean Si interface compositions (99 interface peak points from 16 interfaces in 5 samples) 
and CaMgFe interface compositions (46 interface peak points from 9 interfaces in 7 samples) 
extracted from quantified EDS compositional maps are within lcr of the mean of the EDS 
raster measurements in the 37 hosts discussed in Chapter 4 (Table 8.2). However, the lcr 
of the host EDS measurements is large because it includes EDS measurements of unmelted, 
partially-melted, and unmelted compositions. The mean AI 2 O 3 values of both interface 
compositions (10.04 ± 1.28 wt.% AI 2 O 3 for Si interfaces and 10.35 ± 1.57 wt.% AI 2 O 3 for 
CaMgFe interfaces) are systematically depleted relative to the mean host object composition 
(13.59 ± 2.16 wt.%). This is consistent with the observations of persistent A1 depletion 
at compositional interfaces between agglomerates and host objects. Similarly, the Si0 2 
composition of Si interfaces is systematically enriched relative to the mean of both CaMgFe 
interface peak points and mean host object composition (79.10 ± 2.27 wt.% Si0 2 compared 
to 73.89 ± 1.53 wt.% Si0 2 and 73.77 ± 4.12 wt.% Si0 2 , respectively). However, while 
the CaO and FeO means observed at CaMgFe interface peaks are enriched relative to the 
mean of the Si interface peak compositions and the mean host object composition, they are 
still within within lcr of both (CaMgFe interface CaO mean = 3.17 # 1.31 wt.% and FeO 
mean = 3.75 ± 0.59 wt.% compared to the Si interface CaO mean = 1.34 # 0.46 wt.% 
and FeO mean = 2.85 ir 0.44 wt.% and the host object CaO mean = 2.12 ± 0.99 wt.% 
and FeO mean = 2.77 ± 0.76 wt.%). The mean MgO compositions at Si and CaMgFe 
interface peaks are both within 10 % (relative) of the mean host object composition (0.60 
± 0.26 for the host object MgO mean composition compared to 0.54 ± 0.09 wt.% and 0.62 
± 0.14 for the Si and CaMgFe interface peak points, respectively). The large variances in 
MgO compositions can be attributed to the high analytical uncertainty of MgO in these 
analyses due to the low abundance of MgO in these samples. The relative uncertainty from 
a single representative MgO measurement is «15-20%. Given the enrichment for CaO and 
FeO from CaMgFe means compared to the host grid means is ~50% relative, the average 
MgO concentration for CaMgFe interfaces is expected to also be enriched. However, it is 
likely that the relative enrichment of MgO across CaMgFe interfaces is smaller than the CaO 
and FeO enrichment, and may be unresolved within uncertainty, given the low abundance 
of MgO, or that the enrichment of MgO across CaMgFe interfaces is not as persistent as 
the CaO and FeO enrichments. Weisz (2016) observed that MgO was only enriched in 9 
of 11 CaMgFe interfaces, while CaO and FeO were enriched in 11 of 11 interfaces analyzed 
with EPMA (Table 8.1). The EDS traverses across the interfaces of agglomerates Cl and 
D2 (blue triangles shown in Figs. 8.4 and 8.5, respectively) both show MgO enrichments 
at their CaMgFe interfaces, while only Cl shows an MgO enrichment when considering the 
EPMA data alone (green diamonds in Fig. 8.4). 

Plotting the interface peak compositions in bivariate plots and differentiating between 
host object, agglomerate, and soil EDS raster analyses (similar to those shown in Figures 
4.18 and 4.19) demonstrates that most interface peak compositions he within the range of the 
compositions observed in the host objects. Additionally, outlying interface compositions are 
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Table 8.2: Comparison of the mean Si interface composition (16 interfaces in 5 samples), CaMgFe interface 
composition (9 interfaces in 7 samples), and the mean host object composition from grid-based EDS analyses 
(37 hosts). 


Si interfaces CaMgFe interfaces Host compositions 



(n= 

=99) 

(n~- 

=46) 

(n= 

=3,698) 

Oxide 

Mean 

(wt.%) 

lcr 

(wt.%) 

Mean 

(wt.%) 

lcr 

(wt.%) 

Mean 

(wt.%) 

lcr 

(wt.%) 

Si0 2 

79.10 

2.27 

73.89 

1.53 

73.77 

4.12 

A1 2 0 3 

10.04 

1.28 

10.35 

1.57 

13.59 

2.16 

Na 2 0 

2.12 

0.71 

3.23 

0.73 

3.26 

0.70 

k 2 o 

3.77 

0.30 

4.49 

0.62 

3.80 

0.70 

CaO 

1.34 

0.46 

3.17 

1.31 

2.12 

0.99 

FeO 

2.85 

0.44 

3.75 

0.59 

2.77 

0.76 

Ti0 2 

0.44 

0.10 

0.40 

0.05 

0.32 

0.17 

MgO 

0.54 

0.09 

0.62 

0.14 

0.60 

0.26 


still well bounded (as are the host and agglomerate compositions) by EDS raster measure¬ 
ments of unmelted soil collected proximate to ground zero (Figure 8.13). The A1 2 0 3 vs. Si0 2 
plot in Figure 8.13 (top panel) is dominated by the mixing between feldspars (which trend 
towards high alumina concentrations in the top left of the plot), quartz (which trend towards 
high silica concentrations in the bottom right of the plot), and infrequently sampled mafic 
compositions (which trend towards low values of both alumina and silica, towards the plot’s 
origin). Overlaying the compositions of the Si interfaces (upside down cyan triangles) and 
CaMgFe interfaces (golden triangles), the A1 2 0 3 vs. Si0 2 plot (top left panel) in Figure 8.13 
highlights the alumina depletion of the both the Si and CaMgFe interface compositions rel¬ 
ative to the host object and agglomerate average values. All of the Si interface compositions 
follow a trend similar to that observed in the host object and agglomerate data, decreasing 
in A1 2 0 3 proportionally as the Si0 2 composition increases. However, the CaMgFe interface 
points show relatively restricted range in Si0 2 compositions, falling between approximately 
71 wt.% and 76 wt.% Si0 2 , despite covering a similar range in A1 2 0 3 compositions as ob¬ 
served at Si interfaces (which span from «;75 wt.% to 86 wt.% Si0 2 ). Instead, CaMgFe 
interfaces follow a trend similar to the mafic compositions measured in the soil, exhibiting 
enrichments in CaO, MgO, and FeO concentrations that tend to be commensurate with 
depletions in their A1 2 0 3 concentration. 

The bottom panel of Figure 8.13 plots the concentration of CaO vs. A1 2 0 3 . This plot 
shows the enrichment at CaMgFe interfaces relative to the compositions for Si interfaces, host 
objects, and agglomerates. Many of the CaMgFe interface compositions overlap agglomerate 
or host compositions, while other CaMgFe compositions trend towards higher CaO concen¬ 
trations at lower A1 2 0 3 concentrations (similar to the mafic compositions; towards the top 
left of the plot). The CaMgFe interface compositions exhibiting this trend remain bounded 
by several outlying mafic compositions measured in host objects and unmelted soil, as in 
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□ Host object data (grid-based EDS rasters, n= 3,698 in 37 host objects) 

• Agglomerate data (EDS rasters, n =679 in 58 agglomerates in 15 samples) 

^ Soil data (EDS rasters, n=192) 

V Si interfaces (EDS map traverses, n=112 from 18 interfaces in 6 samples) 

A CaMgFe interfaces (EDS map traverses, n=46 from 9 interfaces in 7 samples) 


Figure 8.13: Bivariate plots showing compositions of host objects, agglomerates, and unmelted soil overlaid 
with Si and CaMgFe interface compositions. Uncertainties are lcr and are smaller than the points for the in¬ 
terface compositions. Data are tabulated in Appendices B (for host object compositions), C (for agglomerate 
compositions), D (for unmelted soil compositions), and J (for Si and CaMgFe interface compositions). 
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Chapter 4. In contrast, the Si interface compositions again show a weak correlation con¬ 
sistent with the host object and agglomerate compositions (and fall well within the range 
spanned by most host objects and agglomerate values). Where as the A1 2 0 3 concentra¬ 
tion increases, the CaO concentration roughly increases as well, albeit with a large degree 
of scatter. This trend is mostly created by the Si interface values with the lowest AI 2 O 3 
and CaO concentrations, which correspond to the the highest Si0 2 concentrations in A1 2 0 3 
vs. Si0 2 panel. The interface with this outlying composition is that bounding agglomerate 
FLD4.3.UA (a surface agglomerate) and host FLD4.3, visible in the thresholded Si maps in 
Figure 8.10. 

Interface compositions in PCA space 

While general similarities in composition are evident in bivariate plots, to determine whether 
the compositions of Si and CaMgFe interfaces are consistent with the values measured in 
hosts or agglomerates, the interface compositions are plotted in PCA space. The interface 
data are projected in PCA space using the same PCA model generated by the host object 
EDS raster data discussed in Chapter 6 , whose loadings and scores for PCI v. PC2 are 
shown in Figure 6.1. The same PCI v. PC2 biplot is used to project the Si and CaMgFe 
interface compositions. PCI v. PC2 separates the Si and CaMgFe interface measurements, 
as values high in CaO, MgO, and FeO plot towards quadrant I and compositions high in 
Si0 2 plot towards quadrants II and III. Both sets of interface compositions will tend towards 
smaller values of PCI, as they both exhibit A1 2 0 3 depletions at their interfaces. 

Figures 8.14-8.16 shows several examples of both Si and CaMgFe interfaces in PCA space. 
Plotting both the Si and CaMgFe interfaces shows two trends. First, interface compositions 
(shown as triangles) tend to be distinct from their host compositions (EDS data collected 
from that particular host are shown as grey squares) and their agglomerate compositions 
(EDS data collected from that particular agglomerate are shown as filled in circles). Si 
interface compositions tend to plot towards quadrants II and III, in the direction of higher 
Si enrichment. CaMgFe interfaces tend to plot in quadrant I, in the direction greater CaO, 
MgO, and FeO enrichment. 

The interface compositions in Figures 8.14-8.16 indicate that the interface compositions, 
for at least some interfaces, tend not to be represented in the compositional space of the 
interface’s associated agglomerate or host object, suggesting variation in the interface com¬ 
position cannot be simply due to compositional heterogeneity in the sample. Furthermore, in 
two cases, (the interface of FLD18.2 and the interface of FLD14.1) the interface compositions 
plot outside the collection of all measured host object compositions. In these interfaces, a 
composition not significantly represented in the 37 host objects is present. Collectively, these 
observations support the hypothesis of both the CaMgFe and Si interfaces not being sourced 
from chemical heterogeneity in the host melt, but rather as a result of fireball influenced 
processes, such as elemental-fractionated condensation. 

Plotting all interface compositions in PCA space reveals additional observations from 
individual hosts and agglomerates (Figure 8.17). PCI v. PC2 highlights that Si interface 
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points remain tightly clustered as they trend towards negative values of PCI, following more 
silicic compositions. As a result, Si interfaces trend span a much wider range in PCI than 
CaMgFe interfaces. In contrast, CaMgFe interface points primarily group in quadrants I and 
IV, spanning a much wider range in PC2 than Si interfaces, likely due to the inconsistent 
enrichment of major elements across these interfaces (whereas Si interfaces tend to only be 
enriched in Si and depleted in all other major elements). However, plotting PC3 v. PC2 
clusters both Si and CaMgFe interfaces closer together, distinguishing trends in the interface 
compositions from trends in the host object compositions. This clustering of both interface 
compositions is due to the observed depletion in A1 2 0 3 across both types of interfaces. 

Relative depletions across interfaces 

To further investigate the hypothesis of an Si condensation process for Si interface formation 
(instead of an evaporative process that leads to the loss of all other major elements), the 
relative depletions of A1 2 0 3 , Na 2 0, K 2 0, CaO, and FeO were calculated across Si interfaces. 
Ti0 2 and MgO were excluded due to their high analytical uncertainties. If the process 
leading to the Si enrichment at the periphery of hosts and agglomerates was predominantly 
evaporative, Na 2 0 and K 2 0 should preserve the highest relative depletions across Si inter¬ 
faces (being most volatile species), followed by FeO (being moderately volatile), and finally 
CaO and A1 2 0 3 . 

The relative depletion of these species across Si interfaces is calculated relative to the 
mean agglomerate composition (from the same quantified EDS map data), and calculated 
from the average of the agglomerate points prior to the interface (Fig. 8.18). Figure 8.18 
shows a traverse across the Si interface of FLD23.L. The grey box outlined in red on the top 
panel shows the points used to calculate the mean agglomerate composition. The next panel 
shows the interface compositions determined using the points within 2 a of the Si0 2 maxima 
(as described above). 

Interface compositions relative to mean agglomerate compositions were calculated for 
16 Si interfaces in 8 samples: FLD23.1.1, FLD23.1.2, FLD23.2.1, FLD23.2.2, FLD23.3.1, 
FLD23.3.2, FLD23.L, FLD17.int.2, FLD18.2, FLD14.1, the Si interface of FLD10.L (this 
agglomerate has a CaMgFe interface as well), FLD4.3.1, FLD4.3.3, FLD4.3.UA, U1B.L, and 
U3.1 (Fig. 8.19). As the relative depletion of all oxides other than Si0 2 should depend 
on the relative enrichment of Si0 2 (due to the nature of compositional data), the data are 
plotted in Figure 8.19 as a function of the relative enrichment of Si0 2 (also relative to the 
mean agglomerate composition). 

In contrast to the expected trend for an evaporative process, where the most volatile 
species should be the most depleted at the periphery of these samples, the refractory oxides 
of CaO and A1 2 0 3 tend to be the most depleted. The CaO and A1 2 0 3 compositions show 
the expected trend of larger Si0 2 enrichments leading to larger CaO and A1 2 0 3 depletions. 
Observed depletions range from a ~-5% relative depletion for A1 2 0 3 when the Si0 2 enrich¬ 
ment was only aT.5% across the interface of agglomerate FLD4.3.1 to a ~-79% depletion in 
CaO for an Si0 2 enrichment of ~15% across the interface of agglomerate FLD4.3.UA. 
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Figure 8.14: CaMgFe interface compositions projected into PCA space for interfaces across FLD10.L, Dl, 
and D2 (all exterior agglomerates). The top left panel shows the loadings of PCI v. PC2 and the grid-based 
host object analyses used to generate the PCA space. The center left panel shows the full range spanned 
by the host objects in PCA space. The red box is the magnified view shown in the plot in the bottom 
left (which shows the host object compositions in the magnified view) and the sample specific plots in the 
right panel. In the magnified PCA plots, which show interfaces characterized in sample FLD23 (top) and 
sample FLD4.3 (bottom), interface compositions are shown as filled triangles. The composition of the host 
object is shown as grey filled squares. The agglomerate composition is shown as unfilled circles. CaMgFe 
interface compositions are distinct from EDS analyses in either the host object or agglomerate plotted, but 
they do not exceed the range spanned the collective set of EDS host analyses and plot towards the majority 
of measured compositions. Data are tabulated in Appendix J using the PCA model shown in Appendix H. 
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Figure 8.15: Si interface compositions projected into PCA space for 12 interfaces in samples FLD23 and 
FLD4.3. The top left panel shows the loadings of PCI v. PC2 and the grid-based host object analyses 
used to generate the PCA space. The center left panel shows the full range spanned by the host objects 
in PCA space. The red box is the magnified view shown in the plot in the bottom left (which shows 
the host object compositions in the magnified view) and the sample specific plots in the right panel. In 
the magnified PCA plots, which show interfaces characterized in sample FLD23 (top) and sample FLD4.3 
(bottom), interface compositions are shown as filled triangles. The composition of the host object is shown 
as grey filled squares. The agglomerate composition is shown as unfilled circles. Interface compositions tend 
to be distinct from both their associated agglomerate and host object (a counter-example is interface and 
agglomerate compositions of FLD4.3.1). Si interface peak compositions trend towards more negative values 
of PCI (higher Si02 compositions), but do not exceed the range spanned by the EDS host compositions. 
Data are tabulated in Appendix J using the PCA model shown in Appendix H. 
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Figure 8.16: Interface compositions projected into PCA space 2 Si and 2 CaMgFe interfaces in samples 
FLD18 and FLD14. The top left panel shows the loadings of PCI v. PC2 and the grid-based host object 
analyses used to generate the PCA space. The center left panel shows the full range spanned by the host 
objects in PCA space. The red box is the magnified view shown in the plot in the bottom left (which shows 
the host object compositions in the magnified view) and the sample specific plots in the right panel. In 
the magnified PCA plots, which show interfaces characterized in sample FLD18 (top) and sample FLD14 
(bottom), interface compositions are shown as filled triangles. The composition of the host object is shown 
as grey filled squares. The agglomerate composition is shown as unfilled circles. Interface compositions tend 
to be distinct from both their associated agglomerate and host object. Si interface peak compositions trend 
towards more negative values of PCI (higher SiC>2 compositions) and CaMgFe interface compositions tend 
towards quadrant I but do not exceed the range spanned by the EDS host compositions. Data are tabulated 
in Appendix J using the PCA model shown in Appendix H. 
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Figure 8.17: Compositions in PCA space for 18 Si interfaces in 6 samples (n = 112) and 9 CaMgFe interfaces 
in 7 samples (n = 46) collected using linear traverses extracted from quantified EDS maps. The top plots 
show the loadings of PCI v. PC2 (left) and PC2 v. PC3 (right). The center plots shown the full range 
spanned by the major element compositions of host objects and unmelted soil. Si interface compositions 
are shown as upside down green triangles and CaMgFe compositions are shown as orange triangles. The 
host, agglomerate, and soil major element compositions are rendered partially transparent. The bottom plots 
shows the inset marked in the middle plots, but excludes the agglomerate and unmelted soil compositions for 
clarity. Data are tabulated in Appendices B (for host object compositions), C (for agglomerate compositions), 
D (for unmelted soil compositions), J (for Si and CaMgFe interface compositions), and H for the PCA model 
used to project the compositions into PCA space. 
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Figure 8.18: Example showing the change in major element composition across the interfaces of FLD4.3.UA 
(top panel) and FLD14.1 (bottom panel) relative to the average agglomerate composition. The traverses 
are centered at x = 0 pm based on their SiC>2 maxima. The agglomerate composition is sampled for values 
of x < 0 pm, and the host is sampled for values of x > 0 pm. The points used to determine the average 
agglomerate composition are shown in the red box. The blue box at the interface shows the interface peak 
points, used to determine the interface composition, selected based on the points within 2cr of the Si0 2 
maxima for Si interfaces (and FeO maxima for CaMgFe interfaces). Data are tabulated in Appendix J. 


K 2 0 and FeO tend to be the least relatively depleted at the interface relative to the 
agglomerate composition. This suggests that not only is Si0 2 is condensing at the periphery 
of fallout melts in the fireball, but small amounts of other relatively volatile vaporized species 
from the soil are co-condensing. This hypothesis is bolstered by the observation of four 
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Figure 8.19: The relative change in major element oxides at 16 Si interfaces in 8 samples as a function of 
the relative enrichment of Si0 2 at the peak of that interface. The interfaces are listed in the text. Relative 
enrichments and depletions are calculated relative to the average agglomerate composition («40 points for 
each interface were sampled and averaged to determine the “agglomerate” composition). The plots shows 
14 Si interfaces. The greatest relative depletions at interfaces tend to be from CaO, AI2O3, and Na20 
(possibly due to volatility). The smallest relative depletions (and sometimes enrichments) at the interfaces 
tend to be observed in FeO and K 2 0. An evaporative process would lead the refractory oxides enriched. 
Instead, the Si interfaces likely reflect a condensation process where Si preferentially is deposited on the 
surface of agglomerates and hosts. The intermediate behavior of Na20 could suggest that condensation and 
evaporation happened concurrently, leading to the preferential loss of Na 2 0 and higher relative depletions 
of Na20 at the interfaces. 


interfaces that show a K 2 O and/or FeO enrichment at their interface relative to the mean 
agglomerate composition. Two interfaces are only enriched in FeO (FLD14.1 and FLD18.2, 
the two interface compositions that plotted outside the observed range of all EDS host grid 
analyses in PCI v. PC2), one interface (FLD10.L) is slightly enriched in K 2 0, and one 
interface (U3.1) is enriched in both FeO and K 2 0 by the same relative amount (the points 
overlap; Fig. 8.19). 

Na 2 0 belies the inverted trend observed for K 2 0, FeO, A1 2 0 3 , and CaO. Na 2 0 exhibits 
an intermediate behavior, tending to plot between K 2 0, FeO and A1 2 0 3 and CaO, instead of 
being the least depleted of the five major element oxides as the trend from the other species 
may suggest. This may be due to evaporation occurring at the surface of the fallout melts, 
enabling some Na 2 0 volatilization from the surface of the melts. Na 2 0 should volatilize 
before other species if the given local partial pressure of the other soil-derived species in the 
vapor phase does not affect the expected volatility order. 
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8.9 Implications for fallout formation 

The presence of Si0 2 enrichments at the surfaces of agglomerates and hosts their observed 
frequency suggests and supports the hypothesis of a complex and rapidly-evolving vapor 
environment in the fireball. This is additionally supported by the existence of layered Si 
and CaMgFe interfaces. The occurrence of Si interfaces suggests that the fireball contains 
regions with high concentrations of vaporized silica. The Si interfaces are most likely due 
to high partial pressures of SiO( gas ), which cause Si to condense from the vapor phases onto 
both agglomerates and hosts, rather than being an evaporative process that would leave 
Si enriched at the surface or peripheries of silicate melts. The hypothesis of high partial 
pressures of Si in the vapor above the precursor melts show that soil-dominated vapors can 
condense onto silicate melts. This vapor component most likely originates as finer soils that 
are easily lofted into the early fireball and vaporized. 

For detonations in untested environments, this behavior suggests that high concentrations 
of fine material in the environment may vaporize more easily and result in those environmen¬ 
tal compositions being enriched at interfaces of agglomerates and hosts in quenched fallout. 
This can be explored by analyzing fallout from tests where the local lithology is well known 
and characterized. 

The diffuse character of Si interfaces surrounding host objects (Figures 8.10 and 8.12) 
coupled with the existence of Si interfaces on interior agglomerates suggest this Si-rich con¬ 
densation occurred earlier than the deposition CaMgFe interfaces, which tend to have nar¬ 
rower widths and have only been observed on surface and exterior agglomerates. Enriched 
U incorporated into the bulk of agglomerates and host objects must occur prior to the for¬ 
mation of Si interfaces because enriched U appears mixed throughout the volume of these 
samples, while the Si remains enriched at sample peripheries and compositional interfaces. 
The U behavior at these interfaces is discussed in the next chapter. 

8.10 Conclusion 

This chapter explored the two types of compositional interfaces observed in fallout from this 
test: CaMgFe and previously unreported Si interfaces. CaMgFe interfaces have previously 
been characterized and the data presented here are consistent with prior observations. Both 
types of interfaces are likely due to condensation processes, with the Si condensation occur¬ 
ring earlier than the CaMgFe condensation. This leads to hypothesized permutations of how 
single and multiply-layered interfaces may be observed (many of which were observed and 
noted in this chapter; Figure 8.11). The interface compositions tend to be distinct from the 
associated agglomerate and host object, but are mostly bounded by the collection of host 
analyses discussed earlier in this dissertation. This suggests that the compositional hetero¬ 
geneity in the soil is, in most cases, greater than compositional variations resulting from 
the condensing of the Si or CaMgFe species from the vapor phase. While formation of both 
interfaces is likely a result of condensation, the CaMgFe interface is known to co-condense 
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with an enriched U component from the vapor environment. How enriched U behaves at Si 
interfaces is discussed further in the next chapter. 
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Chapter 9 

U Behavior at Compositional 
Interfaces 


9.1 Chapter overview 

EDS can measure elemental concentrations as low as 0.1-0.25 wt.% [93]. In glassy fall¬ 
out studied in this dissertation, the only elements with abundances gAl.l wt.% are those 
appreciably concentrated in the emplacement environment (see Chapter 4). To determine 
the behavior of unfissioned U, which is present at ppm concentrations, SIMS analyses are 
necessary (see Chapter 5). In this chapter, the high-resolution imaging capability of the 
NanoSIMS is used to determine the behavior of 235 U at both CaMgFe and Si compositional 
interfaces between agglomerates and host objects. U has previously been observed to be 
relatively enriched at CaMgFe interfaces along with CaO, MgO, and FeO [67, 68]. The 
NanoSIMS analyses in these dissertation are used to corroborate the previous findings of 
[68] and [67] at CaMgFe interfaces and determine if U is co-located with Si at Si interfaces 
to establish a more thorough formation hypothesis for Si interfaces. 

9.2 Previous findings of 235 U behavior at CaMgFe 
compositional interfaces 

235 U behavior at CaMgFe interfaces has already been investigated at length in Weisz (2016), 
Weisz et al. (2017), and Weisz et al. (2018) [67, 68, 84], These studies collected NanoSIMS 
isotope ratio images at nine interfaces in five samples (Al, Bl, B2, B3, Cl, C2, Dl, D2, and 
El in samples A, AA.B, AE.C, AG.D, and AH.E). Figures 9.1 and 9.2 show the three pri¬ 
mary isotope ratios ( 235 U/ 238 U, 235 U/ 30 Si, and 235 U/ 42 Ca) collected at these nine interfaces. 1 
Images of NanoSIMS rasters from Weisz (2016) for agglomerates in AE.C (Cl and C2) and 

1 Weisz (2016) measured 44 Ca, but was converted to 42 Ca (assuming natural isotopic composition of Ca) 
to allow comparison to the 42 Ca NanoSIMS data collected in this study. 
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AG.D (D1 and D2) are shown in this dissertation (Figures 8.4 and 8.5, respectively). Table 
9.1 summarizes the enrichment behavior of all nine interfaces. 
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Figure 9.1: Extracted traverses from NanoSIMS rasters across four of the nine interfaces studied with 
NanoSIMS by [67] (A1 in sample A and Bl, B2, and B3 in sample AA.B). Three ratios are shown: 235 U/ 238 U, 
235 U/ 30 Si, and 235 U/ 42 Ca. Interfaces were centered at x = 0 based on the designation of the interface location 
in [67]. The dotted lines show ±1 pm about x = 0 pm, bounding the interface peak. Uncertainties are 2a. 
Plots highlighted in red show an enrichment at the interface, as defined in the text and Table 9.1. These 
data were extracted from the supplementary tables provided in [67]. 

The Weisz data (Figures 9.1 and 9.2 and tabulated in Tables 9.1 and 8.1) indicate that 
an increase in Ca, Mg, and Fe concentrations occurs more frequently than an enrichment in 
the 235 U/ 238 U ratio or the U concentration (as given by the 235 U/ 30 Si ratio) at the CaMgFe 
interfaces. Additional observations of other CaMgFe interfaces for this study (the interfaces 
of FLD10.L, FLD14.L, and FLD18.1) confirm this behavior. In 14 CaMgFe interfaces (this 
includes the 11 CaMgFe interfaces from Weisz (2016) and the 3 CaMgFe interfaces studied 



























































CHAPTER 9. U BEHAVIOR AT COMPOSITIONAL INTERFACES 


290 


235(J/238|J 


235U/30Sj 



235U/42Qa 


d \ 

r\\ 

I 








8e-03 

6e-03 

4e-03 


/Hi 

X\ h 


: : 




Position (jjm) 


Figure 9.2: Extracted traverses from NanoSIMS rasters five of nine interfaces studied with NanoSIMS by 
[67] (Cl and C2 in sample AE.C, D1 and D2 in sample AG.D, and El in sample AH.E). Three ratios are 
shown: 235 U/ 238 U, 235 U/ 30 Si, and 235 U/ 42 Ca. Interfaces were centered at x = 0 based on the designation of 
the interface location in [67]. The dotted lines show ±1 /tm about x = 0 pm, bounding the interface peak. 
Uncertainties are 2cr. Plots highlighted in red show an enrichment at the interface, as defined in the text 
and Table 9.1. These data were extracted from the supplementary tables provided in [67]. 


here), CaO is enriched at 14 of 14 interfaces, MgO is enriched at 12 of 14 (~86%) of interfaces, 
and FeO is enriched at 14 of 14 interfaces. 

Weisz (2016) observed that 235 U is enriched at 6 of 9 interfaces (~67%) and the U 
concentration increases at 5 of 9 interfaces (~56%). Furthermore, the interfaces enriched 
in 235 U/ 42 Ca are a subset of those interfaces enriched in both 235 u/ 238 U and 235 U/ 30 Si. In 
these cases, the increase in U concentration at the interface is greater than the increase the 
CaO concentration at the interface (CaO commonly increases by a factor of 1.5 or more 
relative to the agglomerate composition; see Figures 8.4, 8.5, and 8.6). In contrast, the 
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Table 9.1: Observed relative enrichments extracted from NanoSIMS isotope ratio images at the interface 
of 9 agglomerates (Weisz (2016)) for 235 U/ 238 U, 235 U/ 30 Si, 235 U/ 42 Ca, 42 Ca/ 30 Si, and 233 U/ 238 U ratios. 
Interface compositions are considered enriched if a point within 1 /j,m of the interface (as identified by Weisz 
(2016)) is greater than the mean of the ratios between 1 and 3 fiva. on both the agglomerate and host object 
side of the interface. 


Isotope Ratio | Relative enrichment behavior at interface 


235 u y238jj 

Enriched at 6/9 interfaces 


(Bl, B3, Cl, Dl, D2, El) 

235 U/ 30 Si 

Enriched at 5/9 interfaces 


(Bl, Cl, C2, Dl, D2) 

235 U/ 42 Ca 

Enriched at 3/9 interfaces 


(Bl, Cl, Dl) 

42 Ca/ 30 Si 

Enriched at 9/9 interfaces 


Si02 enrichment is typically <10% at interfaces, and typically offset relative to the CaO and 
FeO enrichment (see Figures 8.4, 8.5, and 8.6 for representative examples). This behavior is 
consistent with deposition occurring over time in an evolving vapor, as discussed in Chapter 
8. To confirm the observations of CaMgFe interfaces from Weisz (2016), all of which are 
exterior agglomerates (except for B2 which is a surface agglomerate of B3), NanoSIMS was 
used to characterize the behavior of U across two additional CaMgFe interfaces. These 
collective observations of CaMgFe interfaces are then compared to the behavior of U across 
Si interfaces. 


9.3 New observations of U behavior at CaMgFe 
compositional interfaces 

Two additional CaMgFe compositional interfaces were sampled with NanoSIMS in this study, 
both of which are exterior agglomerates: FLD14.L and FLD10.L (which exhibits a double¬ 
layered compositional interface). As described in Chapter 5 (and shown in Figure 5.15), 
L’IMAGE NanoSIMS image processing software was used to draw linear traverses approx¬ 
imately perpendicular to interfaces using as wide a smoothing as possible to minimize un¬ 
certainty, typically «10-25 pixels wide (or 2.3-5.8 /jrri wide), with square NanoSIMS rasters 
consisting of 64 pixels x 64 pixels and being 15 jum x 15 //rri). The approach used to ex¬ 
tract traverses is comparable to the procedure outlined in Weisz (2016), except that study 
generally used larger rasters at higher resolution (20 n m x 20 /jrri mapped at 256 pixels x 
256 pixels) and maintained a constant smoothing width of the linear traverse (15 pixels or 
~1 n m) [67]. How EDS maps were collected and how the linear traverses were extracted are 
discussed in Section 8.4. 

The interface of FLD14.L exhibits a relative enrichment in both 235 U and an increase 
in the U concentration at the interface (Figure 9.3). Three panels are shown in Figure 9.3. 
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Panel A shows a BSE image of FLD14.L with insets showing the location of the NanoSIMS 
raster analysis and where the quantified EDS map was taken. In the case of FLD14.L, 
the NanoSIMS analysis and EDS traverse were collected on opposite sides of FLD14.L, 
approximately 500 fim apart. This was to avoid the region near the NanoSIMS analysis 
where Na 2 0 had been volatilized due to long periods of collecting EDS compositional maps 
to plan where NanoSIMS analyses would take place. Panel B shows the NanoSIMS isotope 
ratio images of the 235 U/ 238 U, 235 U/ 30 Si, and 235 U/ 42 Ca ratios as false color maps for the 
NanoSIMS analysis that sampled the interface of FLD14.L. FLD14.L occupies most of this 
image, with the interface appearing as a band in the bottom right corner of each map. These 
and subsequent isotope ratio images shown in this chapter and Appendix K have not been 
corrected for mass-dependent fractionation between U isotopes (a ~1% correction) or the 
relative secondary ion yield between different elements (corrections shown and discussed in 
Chapter 5), so the color scales shown in Panel B can only be used to infer relative changes 
between regions within a single isotope ratio image. Panel C shows the extracted traverses 
from the NanoSIMS isotope ratio maps and the quantified EDS map. These linear traverses 
have been corrected for fractionation and the differing secondary ion yields between different 
elements. The location of the extracted NanoSIMS traverse is shown with the blue arrow in 
Panel B. 

In all traverses shown in this chapter, the plots are centered so the agglomerate plots at 
values of x < 0 /im, the interface is centered at x = 0 /jrri, and the host plots at values of 
x > 0 n m. For FLD14.L, the interface is centered in the NanoSIMS traverses by the ( 235 U + 
238 U)/ 30 Si (“U/ 30 Si”) maximum. The EDS traverses are transformed to oxides and centered 
centered at x = 0 /jrri based on the FeO maximum, due to the observed consistent enrichment 
of FeO (along with CaO and MgO) at CaMgFe interfaces (Table 8.1) [67]. Because the 
NanoSIMS and EDS traverses are collected in different locations, and in this particular case, 
on opposite sides of the agglomerate, they may only approximate U isotopic and major 
element trends between one another. For example, in the last two panels of the EDS and 
NanoSIMS traverses of across the interface of FLD14.L, the ( 235 U + 238 U)/ 42 Ca (“U/ 42 Ca”) 
and 235 U/ 54 Fe plots have peaks at x = 0 /jrri, while the CaO plot is slightly offset towards 
the agglomerate side relative to the FeO peak. 2 Nonetheless, similar to interface D1 (Figure 
9.2), the interface of FLD14.L exhibits enrichment in 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios, 
consistent with previous observations of CaMgFe interfaces (Table 9.1). 

In contrast, the CaMgFe interface of the double-layered interface of FLD10.L exhibits an 
increase in the U concentration only and is relatively depleted in 235 U at the interface (Figs. 
9.4 and 9.5). The EDS maps overlaid with NanoSIMS rasters are shown in Figure 9.4 with 
isotope ratio images and the extracted traverses are shown in Figure 9.5. Figure 9.4 shows 
FLD10.L on the left, followed by a CaMgFe interface, followed by the Si interface, ending 
with FLD10 on the right. The top set of compositional maps shows an expanded view of 
the interface, including an uncharacterized surface agglomerate where the CaMgFe interface 

2 The 235 U/ 54 Fe plot is uncorrected for fractionation and differing secondary ion yields between different 
elements because the U-doped glass bearing standards contained no added Fe. 
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Figure 9.3: The behavior of U isotopes and major elements across interface FLD14.L (an exterior agglomerate 
with a CaMgFe interface). The insets in Panel A show the location of both the NanoSIMS analysis and 
the quantified EDS maps from which both interface traverses were extracted. Panel B shows the NanoSIMS 
isotope ratio images as false color maps for the analysis over the interface. Panel C shows the extracted 
interface traverses from both the NanoSIMS analysis and EDS maps. For the NanoSIMS traverse, the 
interface is centered at x = 0 pen i based on the ( 235 U+ 238 U)/ 30 Si peak. For the EDS traverse, the interface 
is centered at x = 0 fim based on the FeO maximum. The range of the extracted NanoSIMS traverse is 
projected onto the EDS traverse plots as a gray box. Uncertainties are 2a. Data are tabulated in Appendix 
J and K. 
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passes behind the agglomerate and the Si interface passes in front of the agglomerate. The 
second row of images show the inset denoted by the orange box in the Si map on the top 
row overlaid with different isotope ratio images. The left side of the isotope ratio images 
corresponds to the CaMgFe interface and the blue band visible in the 235 U/ 30 Si and 235 U/ 42 Ca 
isotope ratio images (indicating a lower ratio) corresponds with the Si interface in the EDS 
compositional maps. The remainder of the isotope ratio image to the right of the blue band 
is the host FLD10. The extracted traverses for FLD10.L are centered based at x = 0 /xm 
using the Si interface, corresponding to the U/ 42 Ca minimum for the NanoSIMS traverse 
and the Si0 2 maximum for the EDS traverse. The CaMgFe interface (shown in the plots as 
a vertical dashed red line) is centered using the U/ 42 Ca local maximum for the NanoSIMS 
traverse and the FeO maximum for the EDS traverse. 

The depletion in the 235 U/ 238 U ratio at the CaMgFe interface likely occurs because ag¬ 
glomerate FLD10.L was not sampled in this NanoSIMS analysis. This particular NanoSIMS 
raster sampled only the CaMgFe interface (discussed in Chapter 8 as coating agglomerate 
FLD10.L), followed by the Si interface (discussed in Chapter 8 as coating host object FLD10) 
and the host FLD10. The observed depletion in the 235 U/ 238 U ratio may be due simply to 
differences in the U isotopic ratio between the CaMgFe interface and the host object. While 
FLD10.L was not sampled in the analysis shown in Figure 9.5, there were two additional 
NanoSIMS analyses were collected in FLD10.L. These analyses are spaced approximately 
15 /xm and 30 /irn from the analysis shown in Figure 9.5 (visible in the top center Si com¬ 
positional map of Figure 9.4), resulting in measured U isotope ratios (averaging the entire 
raster, as described in Chapter 5) of 7.51 ± 0.21 and 5.90 ± 0.14 (2a), respectively. The 
235 U/238u ratio of the analysis 15 /irn away is within lcr uncertainty of the 235 U/ 238 U ratio 
at the CaMgFe interface (7.78 ± 0.39), suggesting no substantive enrichment. The analysis 
collected 30 /xm away from the CaMgFe interface in FLD10.L falls outside this uncertainty. 


9.4 U behavior at Si interfaces 

Chapter 8 established that the only major element oxide enriched at Si interfaces is Si0 2 . 
Given the hypothesis that this interface is the result of a condensation process, establishing 
the behavior of U at interfaces will help establish whether U tended to co-condense with Si 
from the vapor phase, as would be predicted if Si interfaces result from material condensing 
from the ambient environment in the fireball. Three examples of NanoSIMS raster images 
over Si interfaces are provided (Figures 9.6-9.9). In contrast to CaMgFe interfaces, no per¬ 
sistent enrichment in the 235 U/ 238 U ratio occurs across these three interfaces. Variations in 
isotope ratios are likely due to a combined decrease in the total U concentration and variation 
in either Si0 2 (which increases by <10%) or CaO (which decreases) concentration at the Si 
interface. Variations in the the 235 U/ 238 U ratio are best explained as variable enrichments 
between the agglomerate and the host. 

The most well-defined Si interface sampled with NanoSIMS in this study is U1B.L. It 
is best visualized using the 235 U/ 42 Ca isotope ratio image (bottom map in Panel B, Fig. 
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Figure 9.4: Compositional maps showing the double-layered interface between exterior agglomerate FLD10.L 
(left side of compositional maps) and FLD10 (right side of compositional maps). Moving from from FLD10.L 
to FLD10, the first interface is a CaMgFe interface, followed by an Si interface. The surface agglomerate 
exhibits a CaMgFe interface between itself and FLD10.L and an Si interface between itself and FLD10. 
This suggests the CaMgFe interface is consistent with a late stage deposition coating on the agglomerate, 
while the Si interface may have previously deposited on the host object, as hypothesized in Chapter 8. The 
bottom panels show the location of the NanoSIMS analyses over the interface with the 235 U/ 42 Ca isotope 
ratio image overlaid in the Ca panel. The extracted traverses are shown in Figure 9.5 and were conducted 
<100 /im from each other. 
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Figure 9.5: The U isotopic and major element behavior across the double-layered interface of FLD10.L (an 
exterior agglomerate). The top panel shows the NanoSIMS isotope ratio images. The bottom panel shows 
the extracted interface traverses from both the NanoSIMS analyses and EDS maps (location shown in 9.4). 
For the NanoSIMS traverse, the Si interface is centered at x = 0 pm based on the U/ 42 Ca minimum and the 
CaMgFe interface is identified based on the local U/ 42 Ca maximum. For the EDS traverse, the Si interface 
is centered at x = 0 pm based on its SiC>2 maximum and the CaMgFe interface is identified from the FeO 
maximum. The range of the extracted NanoSIMS traverse is projected onto the EDS traverse plots as a gray 
box. Uncertainties are 2<r. Data are tabulated in Appendix J and K. 
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9.6). Figure 9.6 is organized into Panels A, B, and C, similar to Figure 9.3 for FLD14.L, 
where Panel A shows the EDS compositional maps, Panel B shows the NanoSIMS isotope 
ratio images, and Panel C shows the extracted interface traverses for both datasets. The 
extracted NanoSIMS traverse for the interface of U1B.L was centered at x — 0 /irn using the 
U/ 42 Ca maximum. The EDS traverse was centered at x = 0 /irn using Si02 maximum. The 
traverses extracted from the isotope ratio images in L’lMAGE used a 20 pixel (6.4 /rm) wide 
smoothing width (the NanoSIMS raster is 20 /rm x 20 /irn and contains 64 x 64 pixels). The 
EDS traverse used a 31 /m i smoothing width and was taken approximately 50 /irn from the 
NanoSIMS raster analysis. 

The Si interface of U1B.L is not detectably enriched in 235 u/ 238 U at the interface’s 
centroid, in contrast to the CaMgFe interface of FLD14.L (Fig. 9.3). Averaging the first 
five points in the agglomerate U1B.L (from x «-12 to -7.5 /mi), yields a 235 U/ 238 U of 8.41 ± 
1.61 (2a), while the interface peak has a 235 u/ 238 U ratio of 8.13 ± 0.53, no change relative 
to the agglomerate. 

Similar to previous findings of CaMgFe interfaces, Si02 enrichments across Si interfaces 
are also limited to <10% relative to the agglomerate composition (discussed further in Chap¬ 
ter 8). This limited increase in the Si02 concentration allows the U/ 30 Si ratio to serve as a 
proxy for the U concentration at Si interfaces, just as they do at CaMgFe interfaces. The 
U/ 30 Si ratio at the Si interface of U1B.L is depleted relative to the agglomerate. This deple¬ 
tion is such that the U/ 30 Si ratio of the host object and interface are consistent, while both 
their Si0 2 concentrations and 235 U/ 238 U ratios differ. Averaging the same 5 points in the 
agglomerate as done in the paragraph above, the average U/ 30 Si ratio in the agglomerate is 
(1.87 ± 0.24) x 10 -4 (2cr), compared to (1.20 ± 0.35) x 10~ 4 (2cr) at the interface centroid, 
a 36% depletion (-38 ± 21% (2a)). The increase in the Si02 concentration at the interface is 
insufficient to fully account for the depletion in the U/ 30 Si ratio, as [Si0 2 ] increases by ~9% 
at the interface relative to the agglomerate composition ([Si02] = 71.7 ± 0.3 wt.% in U1B.L 
and 78.3 ± 0.2 wt.% (2a) at the interface peak, an increase of 9.2 ± 0.5%). As a result, 
there must be a 30 ± 7% decrease in the U concentration at the interface to account for the 
U/ 30 Si depletion. This observed depletion in the U/ 30 Si ratio at Si interfaces is also visible 
in the Si interface of FLD10.L, where interface is depleted relative to both the agglomerate 
and the host object (Figure 9.5). 

However, performing the same calculation using U/ 42 Ca does not result in the same 
decrease in U concentration at the Si interface. The U/ 42 Ca ratio at the interface exhibits 
a 89 ± 14% enrichment relative to the agglomerate, increasing from 0.067 ± 0.003 (2a) in 
the agglomerate (averaging the same first five points) to 0.127 ± 0.008 (2cr) at the interface 
centroid. Based on the EDS interface traverse (bottom of Panel C; Figure 9.6), the average 
CaO concentration in the agglomerate is 1.57 ± 0.14 wt.% (2a) and decreases to 0.95 ± 
0.06 wt.% at the interface, a -40 ± 8 % depletion relative to the agglomerate composition. 
As a result, the required change in U concentration is an enrichment of +14 ± 18 %, which 
encompasses no change in U concentration within uncertainty. This discrepancy between 
the calculated change in U concentration at the interface between the U/ 30 Si and U/ 42 Ca 
ratios may be due the fact that the EDS and NanoSIMS traverses were conducted in different 
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locations. 

In contrast to the interface between the interior agglomerate U1B.L and host U1B, the 
Si interface between the exterior agglomerate FLD23.L and host object FLD23, while also 
depleted in the U/ 30 Si ratio relative to the agglomerate composition, does not exhibit an 
enrichment in the U/ 42 Ca ratio at the interface (Figs. 9.7 and 9.8). The A1 map on the 
right of Figure 9.8 shows FLD23.L on the left, FLD23 on the right, and the Si interface 
extending from the top right corner down across the image as a dark diffuse band. Between 
FLD23.L and FLD23 are several surface agglomerates, including FLD23.3.2 (characterized 
with SIMS) and two others (uncharacterized). The red arrow shows the direction and ap¬ 
proximate smoothing width of the extracted EDS traverse. The insets (orange box, on left) 
are overlaid with false color NanoSIMS isotope ratio images, revealing that an uncharac¬ 
terized surface agglomerate was sampled by the NanoSIMS analysis (bottom right of the 
false color NanoSIMS isotope ratio images in Figure 9.7). The small blue arrow in the 
235 U/ 42 Ca NanoSIMS isotope ratio image (Ca map inset) shows the direction and approx¬ 
imate smoothing width (25 pixels or 5.9 /un) extracted from the 15 /mi x 15 /mi, 64 pixel 
x 64 pixel NanoSIMS raster. The uncharacterized surface agglomerate was avoided when 
extracting the NanoSIMS traverse. 

Similar to U1B.L, the interface between FLD23.L and FLD23 exhibits no detectable 
enrichment in the 235 U/ 238 U ratio (Fig. 9.8). Instead, the 235 U/ 238 U ratio monotonically 
increases across the interface, beginning with a mean of 3.77 ± 0.30 in the agglomerate 
(averaging the first five points in the agglomerate) to 5.87 ± 0.15 in the host object (averaging 
the last four points in the host), an increase of (56 ± 13)% from FLD23.L to FLD23. 

Also, similar to U1B.L, the interface exhibits a depletion in the U/ 30 Si ratio at the 
interface, which cannot be fully accounted for by the increase in the Si 02 concentration at 
the interface. The U/ 30 Si ratio in the agglomerate is (1.52 ± 0.27) x 10 -4 (averaging the 
first five points in the agglomerate) and is (0.71 ± 0.21) x 10 -4 at the interface centroid, a 
~54% decrease (-53 ± 16% (2a)). The Si0 2 concentration across the interface increases by 
~7% ([Si0 2 ] = 73.8 ± 0.5 wt.% in the agglomerate and 79.2 ± 0.1 at the interface). The 
U concentration at the interface must decrease by ~50% at the interface to account for the 
observed depletion in the U/ 30 Si ratio (-50 ± 17% (2cr)). 

The change in U concentration required to explain the variation in the U/ 42 Ca ratio at 
the interface is consistent with that of the U/ 30 Si ratio. The U/ 42 Ca ratio in the agglomerate 
is (2.26 ± 0.13) x 10 -2 and is (1.71 ± 0.11) x 10 -2 at the interface, a (-24 ± 11.5)% decrease. 
The CaO concentration decreases from 2.68 ± 0.26 wt.% in the agglomerate to 1.45 ± 0.19 
wt.% at the interface, a (-46 ± 9)% reduction. The U concentration at the interface must 
decrease by 41 ± 9% to account for the observed U/ 42 Ca depletion, consistent with the 
required decrease for the U/ 30 Si ratio. 

In contrast to the Si interfaces of FLD10.L, U1B.L, or FLD23.L, the NanoSIMS isotope 
ratio images for agglomerate FLD4.3.3 does not exhibit a marked maximum or minimum for 
any of the measured isotope ratios (Figure 9.9). These Si interfaces are apparent as a slight 
increase in brightness in the Si compositional map at the periphery of FLD4.3.3 (Panel A, 
Fig. 9.9) and the slight enrichment in Si0 2 (Panel C, Fig. 9.9), steadily increasing from 
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Panel A - Compositional Maps 
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Figure 9.6: The U isotopic and major element behavior across Si interface U1B.L (an interior agglomerate). 
Panel A shows the location of both the NanoSIMS analysis and the quantified EDS map from which both 
interface traverses were extracted. Panel B shows the raw NanoSIMS isotope ratio images. Panel C shows 
the extracted interface traverses from both the NanoSIMS (corrected for fractionation) and EDS analyses. 
For the NanoSIMS traverse, the interface is centered at x = 0 pm based on the U/ 42 Ca maximum. For the 
EDS traverse, the interface is centered at x = 0 pm based on its SiC>2 maximum. The range of the extracted 
NanoSIMS traverse is projected onto the EDS traverse plots as a gray box. Uncertainties are 2a. Data are 
tabulated in Appendix J and K. 
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Figure 9.7: EDS Compositional maps showing the Si interface between exterior agglomerate FLD23.L (left 
side of compositional maps) and FLD23 (right side of compositional maps). The location of the linear 
traverse extracted from the quantified EDS map is shown as a red arrow. Surface agglomerates between 
FLD23.L and FLD23 are also visible. The inset (left set of compositional maps) shows the location of the 
NanoSIMS analysis and the direction and width of traverse extracted from the NanoSIMS raster analysis. 
The extracted traverses are shown in Figure 9.8 and were conducted <50 /zm from each other over Si the 
interface. 
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Figure 9.8: The U isotopic and major element behavior across the Si interface of FLD23.L (an exterior 
agglomerate). The top panel shows the NanoSIMS isotope ratio images as false color maps. The bottom 
panel shows the extracted interface traverses from both the NanoSIMS (corrected for fractionation) and EDS 
analyses (traverse locations shown in Figure 9.7). For the NanoSIMS traverse, the Si interface is centered at 
x = 0 /jin based on the ( 235 U+ 238 U)/ 42 Ca minimum and for the EDS traverse, the Si interface is centered 
at x = 0 ji m based on its SiC>2 maximum. The range of the extracted NanoSIMS traverse is projected onto 
the EDS traverse plots as a gray box. Uncertainties are 2cr. Data are tabulated in Appendix J and K. 
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80.8 ± 0.7 wt.% (2a) (averaged from the first sampled 5 /jrn within the agglomerate) to 82.4 
±0.1 wt.%, a 2.0 ± 0.9 % enrichment relative to the agglomerate composition. Here, the 
235 U/ 238 U shows a roughly decreasing trend moving from the agglomerate towards the host, 
with a possible local maximum at the interface. However, the 235 u/ 238 U ratio varies within 
both the agglomerate and the host, both containing points that have 235 U/ 238 U ratios greater 
than the 235 u/ 238 U ratio at the interface. In contrast, the U/ 30 Si shows no variability within 
uncertainty. 

The most marked variation between FLD4.3.3 and its host object is visible in the U/ 42 Ca 
traverse, which shows an approximately constant trend for the first 6 /jrri followed by a 
steadily decreasing trend into the host object. As a result, x = 0 /mi was set at the point 
just before the U/ 42 Ca ratio begins its decreasing trend, which roughly aligns with the curved 
orange and red region visible in the 235 U/ 42 Ca false color image. The CaO concentration 
follows a similar trend to the U/ 42 Ca plot, showing a roughly constant concentration in the 
agglomerate (0.85 ± 0.09 wt.% CaO for the first 5 /mi), and in contrast to the NanoSIMS 
traverse shows a slight change outside 2cr uncertainty at the interface to 0.72 ± 0.03 (a -15 
± 9 % relative depletion at the interface), and steadily increasing into the host thereafter. 
While the trend suggests that the CaO concentration may still be increasing, averaging the 
last «2.5 /im collected in the host object yields a CaO concentration of 1.55 ± 0.15 wt.% 
CaO, an 83% ± 25% enrichment (2a) relative to the agglomerate. The agglomerate exhibits 
a U/ 42 Ca isotope ratio of 0.113 ± 0.01 (2a) for the first ~5 /mi in the agglomerate (the first 
six points in the traverse) and the host object has a U/ 42 Ca has a ratio of 0.064 ± 0.007 (2cr) 
for the final ~3 /mi in the host object (the last four points), a relative depletion of -44 ± 9 %. 
Despite a generally decreasing trend in the 235 U/ 238 U ratio traversing from the agglomerate 
to the host, within 2a uncertainty the 235 u/ 238 U shows no change when averaging the same 
points in the agglomerate and the host ( 235 u/ 238 U = 9.4 ± 1.6 in the agglomerate compared 
to 7.3 ± 2.7 in the host object). Excluding the high outlier in the host object (the first point 
included in the average at x « 5 /im) yields a mean 235 u/ 238 U ratio in the host of 6.6 ± 0.9, 
just outside 2cr uncertainties, which represents a -30 ± 13% depletion of the host relative to 
the agglomerate. 


9.5 Implications for Si interface formation 

The lack of enrichment in the 235 u/ 238 U ratio and depletion in the ( 235 U± 238 U)/ 30 Si ratio 
(U concentration) at most Si interfaces suggests Si did not co-condense with U from the 
vapor phase, unlike the observed frequent co-location of 235 U/ 238 U and ( 235 U± 238 U)/ 30 Si en¬ 
richment at CaMgFe interfaces (7/11 and 6/11 interfaces). As discussed in Chapter 8, the 
ubiquitous presence of Si interfaces surrounding exterior, surface, and interior agglomerates 
suggests this formation event occurred earlier than CaMgFe interfaces, which, by contrast, 
have only been observed at the interfaces between exterior and surface agglomerates and 
their host objects. The ordering of the double-layered interface at FLD10.L further sup¬ 
ports this argument (Figure 9.4). The Si interface formation events occurring earlier than 
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Figure 9.9: The U isotopic and major element behavior across the Si interface of FLD4.3.3 (an interior 
agglomerate). Panel A shows EDS compositional maps of agglomerates FLD4.3.1, FLD4.3.2, and FLD4.3.3. 
Arrows denote the location of the extracted traverses. Panel B shows the NanoSIMS isotope ratio images 
over the interface. Panel C shows the extracted interface traverses from both the NanoSIMS (corrected for 
fractionation) and EDS analyses (converted to oxides). For the NanoSIMS traverse, the interface is centered 
at x = 0 pm as described in the text. For the EDS traverse, the interface is centered at x = 0 pm based on 
its SiC>2 maximum. The range of the extracted NanoSIMS traverse is projected onto the EDS traverse plots 
as a gray box. Uncertainties are 2cr. Data are tabulated in Appendix J and K. 
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CaMgFe interfaces formed is also bolstered by the relative diffuseness of these interfaces, best 
visualized in the double-layered interface of FLD10.L (Fig. 9.5). Furthermore, the relative 
depletion of the U/ 30 Si ratio at three of the four Si interfaces (including the Si interface 
of FLD10.L) and no observed enrichment in the 235 u/ 238 U ratio at any of the Si interfaces 
suggests that the formation occurred in the absence of significant condensing enriched U 
from the vapor phase of the fireball. 

The presence of multiple types of interfaces points to temporal and spatial heterogeneity 
of the ambient vapor environment, suggesting enriched U is first volumetrically incorporated 
into both host and agglomerate melts at early times. If these melts pass through an ambient 
environment dominated by vaporized Si derived from the soil, possibly from fine Si0 2 dom¬ 
inated minerals that are easily lofted and vaporized due to their small size and large surface 
area-to-volume ratio (similar to one hypothesized mechanism of formation of silica-rich rims 
in chondrules, as discussed in Chapter 8), an early deposition of the an Si interface occurs. 
This may be followed by a late stage condensation of CaO, MgO, FeO and enriched 235 U 
when the melts are near their quenching temperatures. 

Despite the lack of observed 235 U/ :238 U enrichment at Si interfaces, there are three ob¬ 
served examples of both 235 U and Si enrichment. These appear not at interfaces, but in three 
interior agglomerates of FLD4.3. These interior agglomerates are enriched in 235 U (Figure 
5.24) with an analysis over the interface of FLD4.3.1 having a 235 U/ 238 U ratio of 9.87 ± 0.77, 
an analysis within agglomerate FLD4.3.2 having a 235 U/ 238 U ratio of 9.76 ± 0.31, and an 
analysis within FLD4.3.3 having a 235 U/ 238 U ratio of 10.54 ± 0.33 (2a). Notably, these three 
interior agglomerates have the highest U isotopic compositions of objects characterized in 
this study. 

The Si contents of FLD4.3.1-FLD4.3.3 is also enriched relative to the average compo¬ 
sition of host objects and agglomerates. These interior agglomerates have respective Si0 2 
concentrations (in wt.%) of 76.3 ± 2.1, 78.0 ± 0.9, and 78.7 ± 0.5 (la), compared to the 
average of the host EDS data of 73.77 ± 4.07 (Tables 4.4 and 4.8). These Si0 2 concentrations 
are not outside lcr of the host EDS average because of the large number of high Si0 2 regions 
(likely resulting from frequent measurements of unmelted, partially-melted, and completely 
melted but incompletely mixed quartz) in many of the samples, but are comparable to the 
Si0 2 concentrations to the peaks of many of the Si interfaces discussed in Chapter 8. If 
more agglomerates similarly enriched in 235 U and Si0 2 are found and characterized in other 
samples from this event, it would support the hypothesis that some vapor phase material 
was preserved in some samples at locations other than compositional interfaces, and that the 
ambient conditions when these agglomerates formed and impacted the host object allowed 
both Si and U to condense simultaneously. 


9.6 Conclusion 

The isotope ratio images that sampled CaMgFe interfaces in this study are consistent with 
previous findings of the behavior of U isotope ratios at these interfaces. The 235 U/ 238 U ratio 
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(in the case of FLD14.L) and/or the 235 U/ 30 Si (in the case of both FLD14.L and FLD10.L) 
ratios tend to be enriched across CaMgFe interfaces, supporting a co-condensation of enriched 
U with the major element species enriched at these interfaces. In contrast, Si interfaces, first 
reported here, show no detectable enrichment in the 235 u/ 238 U ratio. Variations in the 
( 235 U + 238 U)/ 30 Si and ( 235 U + 238 U)/ 42 Ca ratios are best explained by a decrease in the U 
concentration at the interface combined with major element variations across the interface. 
This suggests a vapor environment dominated by Si at early times, despite prior incorporation 
of U into the bulk of the melt, and enhanced U deposition at later times resulting in the 
formation of CaMgFe interfaces. Three examples of interior agglomerates (within a single 
sample, FLD4.3) whose bulk compositions are both enriched in Si and highly enriched in 
235 U relative to average may be evidence of distinct, condensation dominated formation 
mechanisms. Similar features found in other samples from this event may point to largely 
vapor-derived materials preserved in localized early agglomerates within host objects, when 
the ambient fireball environment was suitable for both an Si-rich and U-rich vapor to co¬ 
condense and form agglomerates <25 jum in diameter. 
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Chapter 10 
Conclusion 


Fallout formation models are empirical, relying on decades old data from a limited number 
of testing environments. These data show that radionuclides fractionate, and the overall size 
distribution of fallout particles is sensitive not only to the height of burst, but also to the 
surrounding lithology. Future concerns are that nuclear explosions may occur in city centers, 
where the structural materials incorporated into the fireball are significantly different than 
historic testing environments. This demonstrates a need to more thoroughly understand 
and predict how fallout may form in untested environments to better inform military, local, 
and public response in such an event. Predication and real time modeling is particularly 
challenging in the case of the near-surface burst, where due to the complex coupling between 
the fireball, the air, and the ground, fallout formation is most poorly understood. 

To better understand fallout formation, the role of agglomeration and condensation in al¬ 
tering fallout formation predictions must be studied. Historically, the effect of agglomeration 
on altering the size distribution and radionuclide content of fallout in near-surface bursts has 
been ignored, despite a cited pressing need to understand its effect on fallout formation, to 
possibly account for major discrepancies between observations and models. Some explana¬ 
tion for this discrepancy may result from a lack of understanding of agglomeration’s role in 
fallout formation. As shown in the Heft distribution of fallout (Figure 1.2), fallout particles 
of small sizes (~10 /irn) may be formed through entirely different formation mechanisms 
(e.g., primary condensation) and have entirely different radionuclide inventories than larger 
fallout particles. Through turbulent collisions in the fireball, these smaller fallout melts may 
agglomerate onto and become incorporated into larger melts, altering the overall radionuclide 
content of a fallout sample when analyzed in aggregate. This hypothesis, that agglomeration 
incorporates objects with significantly different radionuclide contents into larger hosts, may 
explain, in part, the deviation between thermodynamic models of radionuclide fractionation 
and the observed fractionation as a function of particles size (Figure 1.7). 

To determine if this hypothesis is plausible, this dissertation studied the role agglomerates 
play in forming larger glassy fallout and the possible origins of these agglomerates by char¬ 
acterizing the major element and U isotopic compositions of host objects and agglomerates. 
First, agglomerates were compared as a separate population to the host object population. 
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Then, agglomerates were directly compared to their associated host objects. This study, 
using a larger dataset than any recent study on fallout, allows for conclusions to be drawn 
about the relationships between agglomerates and host objects, and in particular, how dif¬ 
ferent agglomerates are to their hosts, as well as whether there is evidence that agglomerate 
have distinctive formation formation origins or experienced a significantly different fireball 
environment prior to collision and coalescence. 


10.1 Initial sample characterization 

This study characterized agglomerates and hosts starting from an initial sample suite of 49 
glassy fallout samples. While previous studies of fallout from this test have focused on mm- 
scale fallout, the samples studied here were selected from a range of sizes, from approximately 
250 /im up to nearly 1 cm in dimension. Starting with optical microscopy, whole unpolished 
samples were imaged (Figures 2.3-2.6), many of which contain frequent visible agglomeration 
on their exteriors (Figure 2.7). Backscatter electron micrographs of samples in cross-section 
reveal heterogeneous compositional textures such as flow-banding and regularly-shaped com¬ 
positional regions, suggesting incomplete mixing and unmelted or partially-melted minerals, 
respectively. Furthermore, BSE images reveal compositional agglomerate textures. CaMgFe 
interfaces are also readily identified in BSE images. However, Si interfaces can also be identi¬ 
fied in BSE images, with slightly more difficulty (e.g., Figure 4.8). Autoradiography of all 49 
samples (Figure 2.10) shows that samples can exhibit a wide range of activity distributions, 
from homogeneous to extremely heterogeneous. Many of the heterogeneous activity distri¬ 
butions can be attributed to vesiculation (e.g., AH.E, FLD1, FLD23, FLD17) or individual 
minerals or entire regions within samples that were partially-melted or may have remained 
unmelted (e.g., AG.D, FLD3.2, FLD7, FLD10). However, the heterogeneous activity distri¬ 
butions in many samples (e.g., AE.C, FLD12, U2, U4, FLD4.2, FLD4.3, FLD4.4, FLD16, 
FLD25) appear due to compositional heterogeneity in the sample, suggesting that these 
different compositional regions also incorporated differing amounts of radionuclides from 
the ambient environment and along with major elements, were incompletely mixed into the 
melt prior to the melt quenching. Due to the resolution of autoradiography (particularly in 
fallout dominated by emission) and the size of agglomerates characterized in this study, 
only several exterior agglomerates were identified as contained visibly differing amounts of 
radioactivity than their hosts—agglomerates B1 and B3 in sample AA.B and agglomerates 
Cl and C2 in AE.C. 

The 49 samples were downselected (Figure 2.1) for further characterization, ensuring 
the down-selected populations were representative of the initial sample suite by including 
samples covering the observed range of dimensions, chemical heterogeneity, total activity and 
distribution of activity. Samples analyzed previously with SIMS were also included. The 
downselected samples were analyzed for their major element composition using EDS raster 
analyses (37 samples), to identify agglomerates using EDS compositional mapping (counted 
in 18 samples; Figure 3.9), and characterize a downselection of agglomerates using EDS 
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raster analyses (53 agglomerates in 15 samples) to compare the major element composition 
of agglomerates and hosts. 

10.2 Identifying and counting agglomerates 

Si and A1 X-ray compositional maps reveal a higher frequency of agglomerates within samples 
than visibly attached to the exterior of unpolished samples (Fig. 3.9). However, agglomer¬ 
ates still occupy of a relatively small, but not insignificant, area of any given sample’s total 
cross-sectional area, indicating that the host object is volumetrically dominant. Agglomer¬ 
ates are observed to occupy between 0 and approximately 20% of the exposed cross-sectional 
area of samples. Therefore, in samples where agglomerates contribute significantly to the 
total area, agglomerates could alter the average radionuclide inventory of an entire sample if 
their radionuclide concentrations were significantly different from that of their host object. 
Size distributions of agglomerates in host objects exhibit three primary trends: samples with 
few to no visible agglomerates (e.g., U2, FLD20, FLD28), samples with few agglomerates 
that occupy a large portion of the visible cross-section (e.g., U4, FLD5.4, and FLD14), and 
samples containing many smaller agglomerates (e.g., FLD23, CC, and U3). This suggests 
that agglomeration generally occurs while the host object is still relatively molten, allowing 
the agglomerate impact to deform the host, as opposed to close to closure and nearly solid¬ 
ified. The variation in attachment location shows that fallout experiences varying degrees 
of agglomeration. While this study cannot discern agglomerates that arrived very early in 
time and were fully incorporated and mixed into the host, the total proportion of the sam¬ 
ple is dominated (>80% or greater) by the host. In cross-section, surface agglomerates are 
observed to be by far the most frequently type of agglomerate, while the collection counted 
exterior, surface, and interior agglomerates show a roughly log-normal distribution with a 
mean equivalent diameter of 141 /im, with equivalent diameters of identified agglomerates 
ranging from 5-855 jum. 

Compositional maps also revealed a new type of compositional interface, the Si interface. 
Like CaMgFe interfaces, Si interfaces tend to consistently be depleted in Al, however, unlike 
CaMgFe interfaces, they only tend to be enriched in Si (typically <10% enriched). Si inter¬ 
faces are observed with greater frequency than CaMgFe interfaces and are observed at all 
agglomerate locations: exterior, surface, and interior. In contrast, CaMgFe interfaces have 
only been observed at the interface of exterior and surface agglomerates and their hosts, 
consistent with being a late-stage deposition process. 

10.3 Major element compositions of hosts & 
agglomerates 

Next, hosts and agglomerates were characterized for their major element compositions using 
EDS. EDS analyses of fallout, both hosts and agglomerates, reveal several conclusions. First, 
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from the EDS host analyses in 37 samples, fallout from this test is highly homogeneous (Fig. 
4.10). However, fallout also contains unmelted and partially-melted compositions, which 
contribute to the tailing of the distributions shown in Figure 4.10. These host analyses 
resemble bulk dissolution analyses, agreeing within lcr. However, the EDS analyses span 
a much wider range, confirming the internal of the heterogeneity of the fallout glasses and 
poor mixing of the precursor soil melts. 

The 58 agglomerates in 15 samples characterized by EDS resemble the host compositions, 
but span a more restricted range, indicating agglomerates tend to be thoroughly melted and 
more well-mixed than hosts 4.13. When calculating the deviation between an agglomerate’s 
composition from its associated host, the deviations tend to be small, with MgO having the 
greatest median deviation of +10.4%, followed by CaO at +6.1%. These deviations show 
that statistically, agglomerates do not grossly deviate in major element composition from 
the hosts to which they are attached, suggesting hosts and their agglomerates were derived 
from silicate melts of similar compositions or that there is a localized homogenization of the 
carrier material prior to agglomeration. 

Targeted EDS analyses of the unmelted soil show that soil compositions bound the host 
and agglomerate compositions, indicating that the host and agglomerate compositions are 
consistent with a mixture of molten minerals in the surrounding lithology. These compo¬ 
sitions primarily span the range from quartz-like to felsic with a small number of mafic 
compositions and other anomalous compositions (primarily high FeO and Ti0 2 composi¬ 
tions). These observations are consistent with previous studies and bolster the argument 
that these compositions were molten and not vaporized during their interaction with the 
fireball. 

Finally, there is no evidence for systematic volatile loss of major elements among hosts 
or agglomerates (through analyzing their Na 2 0 and K 2 0 compositions), as may be expected 
when externally heating a melt to high temperatures (Fig. 4.21). 


10.4 U isotopic composition of agglomerates and 
hosts 

Whole sample U isotopic observations 

Fallout from this test is not only well-mixed with respect to major elements, but U isotopes 
as well (Figs. 4.10 and 5.17). 235 U/ 238 U measurements show a quasi-unimodal distribution 
(n=323) with a median of 4.57, or approximately 82% enriched in 235 U (Fig. 5.17). When 
considering the entire suite of U isotope measurements, the 25th to 75th percentile of U 
enrichments span from 77% to 86% enriched in 235 U. However, the inter-sample U isotopic 
heterogeneity is greater, indicating the vapor term in the fireball is similarly heterogeneous. 
Three isotope plots of 234 U/ 238 U and 236 U/ 238 U vs. 235 U/ 238 U show strong linear correla¬ 
tions (R 2 = 0.998 and 0.997, respectively), consistent with the mixing between natural and 
enriched end-members (Fig. 5.21). Assuming the enriched end-member has the composition 



CHAPTER 10. CONCLUSION 


310 


of oralloy and come from the device, the majority of 235 U/ 238 U measurements (300 of the 
323) are dominated by contributions from the device, while 23 measurements, measured on 
sample U2 and U3, reflect a dominant contribution from sources with natural U isotopic 
composition, which could be due to late melting and incorporation of a melt (sample U2) 
or only partial melting of a melt, preventing efficient mixing and incorporation of condensed 
vapor from the ambient environment, which appears in other enriched in other parts of the 
sample (sample U3; Figure 5.19). 

Comparisons of U measurements by sample show that, unlike the major element com¬ 
position, different samples (including both hosts and agglomerates) appear to incorporate 
very different amounts of enriched U, ranging from sample U2 with 235 u/ 238 U = 2.49 ± 
1.93 (n=67) to sample FLD4.3 with 235 u/ 238 U = 9.00 ± 1.27 (m=6). These differences 
in mean 235 u/ 238 U content suggests that even though these samples were collected from 
similar distances from ground zero, the ambient environment in fireball is highly heteroge¬ 
neous, leading to melts incorporating greatly different amounts of enriched U. The range 
in 235 U/ 238 U ratio measurements from bulk measurements of entire samples agree with this 
result (Fig. 5.20 and Table 5.9). With respect to major elements for the bulk dissolution 
measurements, the quadrature-summed standard deviation is approximately half that of the 
235 U/238u ratio, 0.85 (18.62% 1RSD) for major elements compared to 1.63 (30.22% 1RSD) 
for the 235 U/ 238 U ratio, respectively, revealing that from sample to sample, U is more het¬ 
erogeneously distributed from sample-to-sample than major elements. This suggests the 
soil term incorporated into the fireball was fairly homogeneous (or was homogenized during 
incorporation) compared to heterogeneities of vaporized species in the fireball. 

Finally, U isotopic heterogeneity is strongly correlated with major element heterogeneity 
(Fig. 5.31). Homogeneous samples have flow-banding patterns on the scale of the sample size, 
suggesting these melts had time to mostly homogenize not only their chemical compositions 
through bulk mixing (convection), but that bulk mixing may have also distributed and 
homogenize the anthropogenic U that condensed onto the surface of these melts. Following 
a fit from 235 U/ 238 U las of hosts and the compositions from within/adjacent to the SIMS 
analytical craters, the predicted 235 U/ 238 U lcr for all agglomerates characterized by SIMS is 
235 U/ 238 U la <1.0. 

Comparison of U isotopic compositions between agglomerates and 
hosts 

Unlike major element composition observations, agglomerate 235 U/ 238 U ratios do not appear 
as a subset of the measured host 235 u/ 238 U ratios (Fig. 5.22). Instead, the agglomerate dis¬ 
tribution is shifted towards higher enrichments in 235 U, with a minimum measured 235 U/ 238 U 
ratio of 3.68 ± 0.09, while the minimum host measurement is near natural at 235 U/ 238 U equal 
to 0.02 ± 0.002. The maximum 235 u/ 238 U ratio measured in the host is 8.70 ± 0.09 measured 
on sample FLD16. In comparison, there are four agglomerate measurements in two samples 
(two of which overlap compositional interfaces) with 235 U/ 238 U ratios greater than the host 
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maximum. The histogram of measurements and comparison of cumulative distribution func¬ 
tions between hosts and agglomerates show that generally, agglomerates are enriched relative 
to hosts, have a higher median value as a population, and have no measured 235 U/ 238 U ratios 
below 3.68, or a 235 U enrichment of approximately 78% (measured in FLD14.L the agglomer¬ 
ate attached to the exterior of FLD14). (The next two lowest U isotope measurements were 
also measured in agglomerates attached to the exterior of hosts: 3.79 ± 0.08 in agglomerate 
FLD23.L and 3.86 ± 0.11 in agglomerate FLD18.1, attached to samples FLD23 and FLD18, 
respectively). 

When comparing an agglomerate’s U isotopic composition to that of its associated host, 
the median suggests there is no difference between them when considering the collection 
of measurements (median deviation is 0.4%; Fig. 5.25). However, the deviations are not 
symmetric about 0 (as demonstrated by the mean deviation of +15.0%). The most negative 
deviation is 18% (in FLD14.L, an exterior-attached agglomerate where a a SIMS measure¬ 
ment that overlaps a 235 U-enriched compositional interface was included when calculating its 
U isotopic composition), but the most positive deviation is +85% (in FLD18.2, an interior 
agglomerate in sample FLD18, where there are 10 measurements of the U isotopic compo¬ 
sition in the host). Both isotopic and major element characterization of agglomerates and 
their hosts suggest that while hosts may experience a range of temperatures and melting 
within a single sample, agglomerates are well-mixed and have been thoroughly transformed 
by the fireball. Statistically, their compositions and U content are no different than the hosts 
they are attached to, suggesting these objects primarily formed in small, localized region of 
the fireball, mostly avoiding the large heterogeneities shown to be present with the large 
sample-to-sample differences in measured U isotope ratios (Figs. 5.20, 5.24 and Tables 5.9 
and 5.10). Notable exceptions to this observation are samples U2 and U4, which exhibit two 
distinct major element compositions and U isotope distributions from the agglomeration 
multiple melts with distinct major element and U isotope compositions. 

In four samples, U3, U4, FLD23, and FLD4.3, the agglomerates attached in the same 
location ( e.g ., the surface agglomerates of FLD23) have similar isotope ratios and compo¬ 
sitions to each other (Table 5.10). This supports a common mode of formation, a common 
source of the agglomerates, and/or a collision at a similar time, and as a result, fireball 
temperature and ambient fireball composition. Agglomerates attached in different locations 
in the same sample (e.g., FLD14.L compared to FLD14.1, an exterior agglomerate in FLD14 
compared to a surface agglomerate in FLD14), shows that, in most cases, the agglomerate 
that collided with the host at likely earlier times and higher temperatures is more enriched in 
235 U than the agglomerate that collided with the host later. This suggests that the ambient 
environment in the fireball earlier in time allowed more U to condense onto the surface and 
mix into the volume of the more fully incorporated and earlier arriving agglomerates. 

Finally, agglomerates characterized in this study smaller than «50 /irn occur in two 
samples, samples FLD23 and FLD4.3. The agglomerates from FLD23 are slightly depleted 
in their measured 235 U/ 238 U ratios relative to the host, with a mean depletion of -6.5% 
and are similar to the median of the full 323 collection of U isotope measurements. In 
contrast, the agglomerates from FLD4.3 show a relatively large enrichment to the host, 
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being enriched on average by +29% (the single 235 U/ 238 U isotope measurement in the host 
FLD4.3 is 7.18 ± 0.31 and the mean and standard deviation of the FLD4.3 agglomerates less 
than 50 /xm in diameter is 9.32 ± 0.80). Agglomerates less than 50 /trn exhibit two different 
relative enrichments to their host object and they are located in two different regions: the 
FLD23 agglomerates are surface agglomerates, while the agglomerates smaller than 50 /tir i 
in FLD4.3 are interior agglomerates. This may indicate two formation modes exist for the 
smallest characterized agglomerates: one relatively enriched in an anthropogenic vapor term 
that was incorporated into samples relatively early in the fallout formation process (while the 
sample was more molten and able to fully incorporate agglomerates) and one possibly from 
the breakup of a larger object, explaining why its 235 U/ 238 U composition is more reflective 
not only of the host it is attached to, but statistics of the U isotope measurements as a 
whole. At sizes greater than 50 /mi, the variations in the U isotope compositions between 
these two groups disappear. At larger sizes, U isotope compositions are more reflective of 
the heterogeneities of bulk measurements, suggesting the variation is dominantly reflecting 
variable incorporation of vapor and molten soil. 


10.5 Principal Components Analysis 

The multivariate approach of PCA (and some bivariate methods) was used to visualize and 
analyze the two separate datasets collected in this dissertation: first the EDS raster analyses 
(n = 3, 698 for the host dataset) across entire objects in a grid-based pattern and then 
the combined dataset of U isotopic data from SIMS combined with the compositions from 
within/around these analytical craters measured with EDS rasters (n = 245). 

The EDS raster analyses taken in a grid-based pattern across host objects was used to 
generate the PC space. To determine the number of PCs to retain, a noise-injection method 
using UP matrices was used, which showed that when injecting random noise in the data 
proportional to the analytical uncertainty in individual measurements and different major 
elements, the first 5 PCs were largely stable to this perturbation, suggesting the first 5 PCs 
are primarily modeling true variance in the data instead of analytical noise. These first 5 
PCs were shown to be controlled by outliers, which are primarily quartz-like, mafic, felsic, 
or Fe, Ti-rich compositions. That is, the PC space is controlled by, and the greatest sources 
of variance are due to, unmelted/partially-melted compositions in the soil. 

Bivariate plots of the 235 u/ 238 U versus each of the major elements showed no strong 
trends with composition. This observation presents a contrast to the documented associa¬ 
tion between Pu and Ca, Mg, and Fe in Trinity and the association between U concentration 
(using 235 U/ 30 Si as a proxy) at CaMgFe compositional interfaces [55, 61, 66-68]. The excep¬ 
tion was the positive correlation between the 235 U/ 238 U ratio and CaO, MgO, FeO, which 
were measured in sample U2. However, this exception is likely due to physical mixing of 
roughly two melts of distinct composition and sampling regions that experienced different 
amounts of mixing between the two melts, rather than chemical behavior, such as volatility 
leading to the co-condensation of U, CaO, FeO, and MgO from the vapor phase. Exclud- 
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ing these measurements results in a weak anti-correlation between the 235 U/ 238 U ratio and 
CaO, consistent with bulk ICP-MS measurements of whole dissolved samples from the same 
U-fueled event (Fig. 6.22) [57]. Apparent trends or co-locations in other samples, such as 
U4 or FLD4.3, can be explained through agglomeration and that these agglomerated melts 
had a distinct U and major element composition. 

Projecting the major element compositions from within/around the SIMS analysis craters 
into the PC model shows the majority of compositions cluster near the origin, as they were 
primarily conducted in the glassy regions of fallout and contain few outlying compositions. 
The strongest trend between composition and 235 U/ 238 U ratio is shown in the plots of PC2 
versus PC3 (Fig. 6.28), due to a strong loading of K 2 0 in PC2 (separating the compositions 
from sample U2) and the separation of CaO into the first quadrant (allowing the compo¬ 
sitions from SIMS measurements in the agglomerates of FLD4.3 to plot in quadrants III 
and IV), with 235 U/ 238 U of intermediate compositions overlaying the majority of EDS host 
measurements near the origin (Fig. 6.29). A direct plot of the 235 U/ 238 U ratio as a function 
of PC3 shows a weak anti-correlation (strongly affected by the low 235 u/ 238 U ratios and 0 
PC3 scores for several measurements in the apparently partially-melted center of host U3), 
which is strongly influenced by the CaO concentration. Sample by sample, plots of PC3 
vs. PC2 show that most samples (agglomerates and their associated host objects) occupy a 
restricted region of space, pointing to the relative compositional homogeneity within most 
samples and the relative similarity of agglomerates to their respective hosts. 

10.6 Interpreting compositional similarity between 
host objects & agglomerates 

Multidimensional scaling provides a means to directly visualize and compare the similarity 
between all the agglomerates and hosts characterized in this study simultaneously. MDS 
models were created for the two datasets: the EDS raster only dataset (Figures 7.4 and 
7.5) and the combined U isotope/EDS raster from around the SIMS craters dataset (Figures 

7.6 and 7.7). The EDS raster model calculated different objects’ similarity based on their 
median major element composition for 95 total objects: 58 agglomerates in 15 samples and 
37 hosts. The EDS-only model shows that host objects are fairly tightly clustered, implying 
a high degree of similarity (with three exceptions in hosts FLD25, FLD3.2, and FLD5.3), 
while the agglomerates, despite being well-mixed and quasi-homogeneous compositionally, 
exhibit a greater degree of scatter because they are more likely to contain anomalous com¬ 
positions due to fewer measurements within the agglomerate. Observations from the MDS 
plots show that objects in the same sample tend to cluster close together, whether it be 
hosts and agglomerates ( e.g ., FLD23 in Figure 7.5), or agglomerates clustering near other 
agglomerates from the same sample (e.g., FLD4.4 in Figure 7.5). The major element/U 
isotopic MDS model calculated different objects’ similarity based on their median combined 
U iso topic/major element composition for 60 total objects: 33 agglomerates in 13 samples, 
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10 interface measurements that significantly sampled the agglomerate and the host in 6 sam¬ 
ples, and 17 host objects. This MDS model showed a greater degree of uncertainty because 
of fewer measurements per object, but objects that were similar in the EDS-only MDS model 
also tended to be similar in the major element/U isotopic combined MDS model. Further¬ 
more, all interface measurements over “Si interfaces” plotted between the agglomerate and 
the host, suggesting a shared similarity between the two objects. However, the interface 
measurement over FLD10.L, which is a double-layered interface did not, likely due to the 
CaMgFe deposition layer. 

Next, the exact Euclidean distance for agglomerates relative to their hosts was calculated 
for major element and combined major element/U isotopic datasets (Figures 7.8 and 7.9, 
respectively). Plots as a function of the distance percentile (how many objects are more 
similar at a given distance from the host object) and the cumulative distribution function 
(CDF) of these distance percentiles show what fraction of agglomerates fall within a given 
degree of similarity to their host objects. The data from these plots bolster the observations 
from the MDS plots: agglomerates tend to be more similar to their hosts than other objects 
when both considering the EDS raster only dataset and the EDS/SIMS combined dataset. 
For the EDS-only dataset (Figure 7.8), which includes more objects, the median CDF from 
the 500 UP matrix simulations shows that 55% of all agglomerates are compositionally more 
similar to their respective hosts than 75% of all other characterized objects (that is, they fall 
within the 25th distance percentile) and a median of 81% of agglomerates are compositionally 
more similar to their respective hosts than 50% of all other characterized objects. Similarly, 
when using the EDS/SIMS dataset (Figure 7.9), a median of 47% agglomerates fall within 
the 25th distance percentile of their respective hosts and a median of 83% agglomerates 
fall within the 50th distance percentile of their respective agglomerates. The compositional 
similarity between agglomerates and their hosts suggests that agglomerates, as a collection, 
tend to likely formed from similar parcels of melt to their hosts. This observation implies 
that agglomerates were not formed some other material (such as a finer size fraction of soil) 
or experienced a grossly different environment in the fireball (such as excessive volatilization 
compared to their host objects). 

The U isotopic and major element compositional similarity between agglomerates and 
their hosts indicates that, as a collection, agglomerates and hosts experienced similar ambient 
environments in the fireball, and in addition to their being formed from melts of similar 
compositions and interacted similarly with the bomb vapor term in the fireball. These 
observations bolster the hypothesis of Glesston (1966) that the mean free paths of melt 
parcels in the fireball tend to be small [10]. Furthermore, as a collection, agglomerates and 
host objects likely incorporated anthropogenic material through similar physical processes 
and the population of agglomerates do not show evidence formation through some different 
mechanism ( e.g ., primary condensation of material from the vapor phase) compared to the 
host (condensation of material in the vapor phase onto, and subsequently mixing into, the 
silicate melt). Three possible exceptions in interior agglomerates FLD4.3.1, FLD4.3.2, and 
FLD4.3.3 are discussed below. Finally, both datasets suggest that attached agglomerates 
tend to be most similar («76% and 75% of the attached agglomerates falling within the 25th 
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distance percentile in terms of similarity to their hosts for the EDS raster and EDS/SIMS 
datasets, respectively), followed by surface agglomerates, and then interior agglomerates. 

10.7 Compositional interfaces 

Major element compositions of interfaces 

Two types of compositional interfaces were observed (Si and CaMgFe interfaces) and ana¬ 
lyzed. CaMgFe interfaces have previously been well-characterized and the data presented 
here are consistent with observations presented in [67, 68]. However, it was shown that using 
quantified EDS mapping to characterize interfaces may result in less Na volatilization and 
gives higher spatial resolution than EPMA, although EPMA is a standardized technique. 
Both types of interfaces are likely due to condensation processes, with the Si condensation 
occurring earlier than the CaMgFe condensation. This leads to hypothesized permutations 
of how single and multiply-layered interfaces may be observed (many of which were observed 
and noted in this chapter; Fig. 8.11). The interface compositions extracted from EDS maps 
tend to be distinct from the agglomerate and host, but are mostly bounded by the collection 
of host grid EDS raster analyses discussed earlier in this dissertation. This suggests that 
the compositional heterogeneity in the partially-melted and unmelted regions in fallout is 
greater than any alteration of the composition of melt surfaces due to he preferential conden¬ 
sation of Si or Ca/Mg/Fe species from the vapor phase. While both are likely condensation 
effects, the CaMgFe interface has been observed to be frequently co-located with enriched U 
and increases in U concentration, likely due to co-condensation of the soil-derived and bomb 
vapor-derived species from the vapor term [67, 68]. 

U behavior at interfaces 

NanoSIMS ion images sampling CaMgFe interfaces in this study are consistent with previous 
findings of the behavior of U isotope ratios at these interfaces [67, 68]. The 235 U/ 238 U ratio 
and/or the 235 U/ 30 Si ratios tend to be enriched across CaMgFe interfaces, suggesting a co¬ 
condensation of enriched U with the major element species enriched at these interfaces. In 
contrast, Si interfaces do not show an enrichment in 235 U/ 238 U. Changes in the 235 U/ 238 U 
ratio can be attributed to variable U isotopic enrichment between the agglomerate and 
host object. Furthermore, the U concentration tends to decrease at Si interfaces. Other 
variations in the ( 235 U + 238 U)/ 30 Si and ( 235 U + 238 U)/ 42 Ca ratios can be attributed to 
major element variations across the interfaces. This suggests these condensations occurred 
in a vapor environment dominated by Si, allowing an Si-dominated vapor to condense, but 
not appreciable amounts of enriched U from the vapor term, despite U being incorporated 
into the bulk of the melt at early times and also likely condensing later with Ca, Mg, and 
Fe to form CaMgFe interfaces. However, there are three examples of interior agglomerates 
(FLD4.3.1, FLD4.3.2, and FLD4.3.3) whose bulk (not their interfaces) are both enriched 
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in Si0 2 and 235 U relative to average. If similar features are found in other samples from 
this test, this may point to largely vapor-derived materials preserved within samples not 
at interfaces and a fireball environment suitable for both an Si-rich and U-rich vapor to 
co-condense. However, these agglomerates occur too infrequently to appreciably alter the 
overall radionuclide composition of FLD4.3, counter to the hypothesis of Freiling et al. (1965) 

[SI- 

10.8 Future Work 

While this study elaborates on the origin and role of agglomerates in the formation of fallout 
from this U-fueled event and provides the most modern comprehensive spatially-resolved 
study of glassy fallout to date, it has its limitations and the observations made pose a 
variety of new questions. 

Fallout formation varies considerably from event to event, dependent not only on the 
yield, height of burst, and other detonation conditions, but on the surrounding environment 
as well. This study, while seeking to characterize a population of host objects and agglom¬ 
erates, is limited to a single (U-fueled) event where the surrounding geology was consistent 
with being rhyolitic and fairly homogeneous. How does the frequency and behavior of ag¬ 
glomerates change in other events that take place in other geologies? Studying agglomeration 
in aerodynamic glassy fallout from the Trinity event may present an interesting contrast due 
to its different and more heterogeneous surrounding lithology. The geology of the Trinity 
site is primarily arkosic sand, which tends not to be a silicic as the soil surrounding this 
event, and is constituted primarily of quartz, a large proportion of feldspars, and carbonates 
[30, 35, 58], 

The interior agglomerates of FLD4.3.1, FLD4.3.2, and FLD4.3.3 are major element com¬ 
positional and U isotopic outliers in this study. They indicate that ~20 /im size agglomerates, 
with compositions possibly primarily derived from the vapor term of the fireball, may be 
preserved in glassy fallout. While these agglomerates are all found within a single sample 
FLD4.3, a search should be conducted specifically to locate agglomerates of this type in other 
samples. Agglomerates FLD4.3.1-FLD4.3.3 may compare to other fallout populations, such 
as those collected on filters by aircraft passing through the debris cloud at early times. 

While 235 U was used as a proxy for the amount of bomb vapor incorporation into ag¬ 
glomerates and host objects, its volatility behavior is variable depending on the detonation 
conditions, ranging from semi-volatile in air bursts to strongly refractory in MT-scale deto¬ 
nations over coral [5, 47]. However, as observed in Lewis et al. (2015), 235 U enrichment is 
co-located with autoradiograph intensity in samples U2 and U4. The autoradiographs are 
dominated by (3 emissions, as discussed in Chapter 2, which are likely derived from fission and 
activation products, indicating a possible correlation between actinide and fission/activation 
product incorporation in agglomerates and host objects. The incorporation of other ra¬ 
dionuclides (e.g., 89 Sr as a volatile-behaving archetype and 95 Zr as a refractory-behaving 
archetype) relative to 235 U remains relatively unconstrained (i.e., studied in a restricted set 
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of detonation environments and conditions) [47, 121]. Investigating this co-location further 
may help elucidate U volatility behavior in this event and serve as a basis to predict its 
behavior in other events. 

This study of interfaces here and in [67, 68] in aerodynamic glassy fallout can be directly 
applied to studies of ground glass. Hermes and Strickfaden (2005) have proposed that melts 
from the fireball rain down on the surrounding soil and are still molten when they fall to the 
surface, adhering to ground glass [31]. The confirmation of preserved compositional interfaces 
in this fallout morphology could confirm their hypothesis. In addition, the major and trace 
element behavior at these interfaces would provide insight into the fireball environment as 
these melts were ejected from the fireball. 

This is the first study to document the presence of Si compositional interfaces in fallout. 
While Si-rich interfaces have been studied in chondrules and chondrule analogues, the origin 
of Si interfaces and conditions that allow them to form in fallout requires further study. 
Furthermore, while Si interfaces may form due to the particular lithology surrounding this 
event, it is unclear how are the compositional interfaces may differ between nuclear events 
that take place in different geologies. Interfaces offer the opportunity to study condensation 
and oxidation conditions that occur in the fireball at the time when the interfaces form. 
While the enrichment of 235 U is observed to be invariable at Si interfaces, but there may be 
other radionuclides whose composition could be studied across these interfaces that would 
further elucidate the fireball environment and relative to when these Si interfaces formed. 

This study reveals that agglomerates are unlikely to be responsible for the deviations be¬ 
tween historical models and observations, as previously hypothesized. However, the major 
element and U isotopic compositional similarity between agglomerates and their associated 
host objects indicates formation from common precursor melts and similar interaction with 
the bomb vapor. These similarities suggest that agglomeration tends to occur over small 
spatial scales in the fireball. Over these small scales, the carrier melts and bomb vapor term 
is locally quasi-homogeneous. Finally, the observation and analysis of Si interfaces reveals 
that another condensation process, in addition to the late-stage deposition of CaMgFe in¬ 
terfaces, is preserved within glassy fallout. These Si interfaces form earlier in time than 
CaMgFe interfaces and are likely sourced from regions of the fireball with high concentra¬ 
tions of vaporized environmental material. Collectively, the study of agglomerates yields 
useful information about formation processes within the fireball, such as the frequency of 
agglomeration, scales of both carrier material and bomb vapor homogeneity, and ambient 
vapor compositions and conditions at different times of fallout formation and agglomeration. 
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Appendix A 
Agglomerates 


Table A.l: Size, location, and frequency of agglomerates in 18 samples counted using A1 and Si compositional 
maps. “Name” refers to agglomerates that were further characterized with EDS and/or SIMS. Interface types 
were confirmed with Si and Ca compositional maps. If, however, Ca enrichments were indeterminate, the 
interface type is labeled as indeterminate as a Si enrichment may be present at both Si interfaces and near 
CaMgFe interfaces. “% of Samp. Area” refers to the area occupied by the agglomerate relative to the sample 
(not just the host), expressed as a percentage. These data are used to generate Figures 3.8, 3.9, and 3.10. 
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Si 
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Si 
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Surface 
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n.d. 

Surface 


FLD18 

2.61E+06 

10 - 

4.824E+01 

1.85E-03 
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n.d. 

Surface 


FLD18 

2.61E+06 

15 - 

2.664E+02 

1.02E-02 

n.d. 

Surface 


FLD18 

2.61E+06 

16 - 

6.359E+01 

2.43E-03 

n.d. 

Surface 


FLD18 

2.61E+06 

17 - 

1.053E+02 

4.03E-03 
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Si 
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Surface 
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Si 
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1.77E-01 

CaMgFe 

Surface 
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7.08E-02 

Si 
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6.11E-02 

Si 

Surface 
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5.06E+00 

Si 

Surface 
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2 FLD21.L 
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1.33E+00 

Si 
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Si 

Surface 
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FLD28 1.80E+06 
FLD4.2 1.73E+06 
FLD4.2 1.73E+06 
FLD4.2 1.73E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.3 1.70E+06 
FLD4.4 1.58E+06 
FLD4.4 1.58E+06 
FLD4.4 1.58E+06 
FLD4.4 1.58E+06 


2 - 

3 - 

4 FLD23.1.1 

5 FLD23.1.2 

6 FLD23.1.3 

7 FLD23.2.1 

8 FLD23.2.2 

9 - 
10 - 
11 - 
12 - 

13 - 

14 FLD23.3.1 

15 FLD23.3.2 

16 - 

17 FLD23.4.2 

18 FLD23.4.1 

19 FLD23.5.1 

20 - 
21 - 
22 - 

23 - 

24 - 

25 - 

26 FLD23.L 
1 - 

2 - 

3 - 

4 - 

5 - 

6 - 

7 - 

8 - 
9 - 
1 - 
2 - 

2 - 
3 - 

1 FLD4.3.UA 

2 FLD4.3.1 

3 FLD4.3.2 

4 FLD4.3.3 

5 - 

6 FLD4.3.4 

7 - 

8 - 
9 - 

10 - 
11 - 

12 FLD4.3.5 

13 - 

14 - 

15 - 

16 - 

1 FLD4.4.1 

2 FLD4.4.2 

3 - 

4 - 


1.155E+03 

7.213E+02 

1.662E+03 

1.735E+03 

1.735E+03 

3.464E+02 

7.547E+02 

1.838E+03 

2.381E+02 

8.069E+02 

6.219E+02 

2.155E+03 

1.300E+03 

2.270E+02 

1.508E+02 

1.385E+03 

1.452E+03 

2.827E+03 

3.324E+02 

5.157E+02 

7.658E+02 

1.491E+02 

1.628E+02 

4.866E+02 

1.948E+05 

3.553E+02 

7.583E+01 

9.288E+01 

2.232E+02 

4.857E+01 

4.090E+01 

2.658E+02 

4.243E+02 

7.822E+02 

2.250E+02 

1.920E+02 

6.091E+04 

4.560E+04 

1.090E+04 

1.670E+03 

1.186E+03 

1.315E+03 

2.166E+03 

1.473E+03 

3.892E+03 

1.127E+03 

3.725E+03 

7.352E+02 

2.812E+02 

4.737E+02 

1.340E+03 

1.628E+03 

9.942E+02 

1.611E+03 

1.480E+03 

4.690E+04 

2.076E+04 

3.857E+02 

3.029E+02 


3.96E-02 Si 
2.48E-02 Si 
5.70E-02 Si 
5.95E-02 Si 
5.95E-02 Si 
1.19E-02 Si 
2.59E-02 Si 
6.31E-02 Si 
8.17E-03 Si 
2.77E-02 Si 
2.13E-02 Si 
7.40E-02 Si 
4.46E-02 Si 
7.79E-03 Si 
5.17E-03 Si 
4.75E-02 Si 
4.98E-02 Si 
9.70E-02 Si 
1.14E-02 Si 
1.77E-02 Si 
2.63E-02 Si 
5.11E-03 Si 
5.58E-03 Si 
1.67E-02 Si 
6.68E+00 Si 
2.35E-02 Si 
5.02E-03 Si 
6.15E-03 Si 
1.48E-02 Si 
3.22E-03 Si 
2.71E-03 Si 
1.76E-02 Si 
2.81E-02 Si 
5.18E-02 Si 
1.25E-02 Si 
1.06E-02 Si 
3.52E+00 Si 
2.64E+00 Si 
6.31E-01 Si 
9.84E-02 Si 
6.99E-02 Si 
7.75E-02 Si 
1.28E-01 Si 
8.68E-02 Si 
2.29E-01 Si 
6.64E-02 Si 
2.19E-01 Si 
4.33E-02 Si 
1.66E-02 Si 
2.79E-02 Si 
7.89E-02 Si 
9.59E-02 Si 
5.86E-02 Si 
9.49E-02 Si 
8.72E-02 Si 
2.97E+00 Si 
1.32E+00 Si 
2.45E-02 Si 
1.92E-02 Si 


Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Interior 

Interior 

Interior 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Interior 

Interior 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 








APPENDIX A. AGGLOMERATES 


332 


FLD5.4 7.00E+05 

FLD5.4 7.00E+05 

FLD5.4 7.00E+05 

FLD5.4 7.00E+05 

FLD5.4 7.00E+05 

FLD5.4 7.00E+05 

FLD5.4 7.00E+05 

FLD5.4 7.00E+05 

FLD5.4 7.00E+05 

FLD5.4 7.00E+05 

FLD5.4 7.00E+05 

U1B 1.41E+06 

U1B 1.41E+06 

U1B 1.41E+06 

U1B 1.41E+06 

U1B 1.41E+06 

U2 1.86E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 

U3 4.41E+06 


2 - 

3 - 

4 - 

5 - 

6 - 

7 - 

8 - 
9 - 

10 - 
11 - 

1 U1B.2 

2 - 

3 - 

4 - 

5 U1B.L 

1 U3.2 

2 - 

3 - 

4 - 

5 - 

6 - 

7 - 

8 - 
9 - 

10 U3.5 

11 - 
12 - 

13 - 

14 - 

15 - 

16 - 

17 - 

18 U3.1 

19 - 

20 - 
21 - 
22 - 

23 - 

24 - 

25 - 

26 U3.3 

27 - 

28 - 

29 - 

30 - 

31 - 

32 - 

33 - 

34 - 

35 - 

36 U3.4 

37 - 

38 - 

39 - 

40 - 

41 - 

42 - 


9.415E+03 1.35E+00 Si 

3.141E+04 4.49E+00 Si 

1.872E+03 2.67E-01 Si 

2.112E+03 3.02E-01 Si 

3.226E+04 4.61E+00 Si 

9.823E+02 1.40E-01 Si 

1.392E+04 1.99E+00 Si 

1.230E+04 1.76E+00 Si 

1.099E+04 1.57E+00 Si 

2.667E+03 3.81E-01 Si 

4.454E+03 6.36E-01 n.d. 

5.570E+03 3.95E-01 CaMgFe 

1.098E+03 7.80E-02 CaMgFe 

8.385E+02 5.95E-02 Si 

5.000E+02 3.55E-02 n.d. 

2.981E+04 2.12E+00 Si 

0.000E+00 0.00E+00 n.d. 

3.008E+04 6.83E-01 Si 

2.719E+04 6.17E-01 Si 

1.287E+04 2.92E-01 Si 

2.418E+03 5.49E-02 Si 

5.310E+04 1.21E+00 Si 

1.918E+04 4.35E-01 Si 

7.857E+02 1.78E-02 Si 

4.492E+03 1.02E-01 Si 

2.550E+04 5.79E-01 Si 

1.636E+04 3.71E-01 Si 

4.069E+03 9.23E-02 Si 

1.035E+04 2.35E-01 Si 

9.286E+02 2.11E-02 Si 

4.510E+02 1.02E-02 Si 

1.705E+04 3.87E-01 Si 

4.337E+03 9.84E-02 Si 

1.777E+04 4.03E-01 Si 

1.399E+04 3.18E-01 Si 

2.227E+03 5.05E-02 Si 

2.332E+04 5.29E-01 Si 

2.382E+03 5.40E-02 Si 

1.426E+04 3.24E-01 Si 

8.510E+02 1.93E-02 Si 

4.939E+02 1.12E-02 Si 

2.876E+03 6.53E-02 Si 

5.304E+04 1.20E+00 Si 

1.041E+02 2.36E-03 Si 

7.143E+01 1.62E-03 Si 

7.347E+01 1.67E-03 Si 

1.490E+02 3.38E-03 Si 

3.586E+03 8.14E-02 Si 

9.531E+02 2.16E-02 Si 

2.886E+04 6.55E-01 Si 

1.103E+04 2.50E-01 Si 

2.068E+04 4.69E-01 Si 

1.186E+04 2.69E-01 Si 

6.531E+02 1.48E-02 Si 

1.633E+02 3.71E-03 Si 

1.367E+02 3.10E-03 Si 

1.730E+04 3.93E-01 Si 

2.808E+03 6.37E-02 Si 

9.592E+02 2.18E-02 Si 


Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Exterior 

Surface 

Surface 

Surface 

Surface 

Interior 

N/A 

Surface 

Interior 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Interior 

Surface 

Surface 

Interior 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Interior 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Interior 

Surface 

Surface 

Surface 

Surface 

Surface 

Surface 

Interior 
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U3 

4.41E+06 

43 - 

4.538E+04 

1.03E+00 

Si 

Surface 


U3 

4.41E+06 

44 - 

2.612E+03 

5.93E-02 

Si 

Surface 


U3 

4.41E+06 

45 - 

1.044E+04 

2.37E-01 

Si 

Surface 


U3 

4.41E+06 

46 - 

4.538E+04 

1.03E+00 

Si 

Surface 


U3 

4.41E+06 

47 - 

2.612E+03 

5.93E-02 

Si 

Surface 


U3 

4.41E+06 

48 - 

1.044E+04 

2.37E-01 

Si 

Surface 


U3 

4.41E+06 

49 - 

4.702E+03 

1.07E-01 

Si 

Surface 


U3 

4.41E+06 

50 - 

2.592E+03 

5.88E-02 

Si 

Surface 


U3 

4.41E+06 

51 - 

2.808E+03 

6.37E-02 

Si 

Surface 


U3 

4.41E+06 

52 - 

8.918E+02 

2.02E-02 

Si 

Surface 


U3 

4.41E+06 

53 - 

1.616E+04 

3.67E-01 

Si 

Surface 


U3 

4.41E+06 

54 - 

2.017E+04 

4.58E-01 

Si 

Surface 


U3 

4.41E+06 

55 - 

1.141E+04 

2.59E-01 

Si 

Surface 


U3 

4.41E+06 

56 - 

2.465E+03 

5.59E-02 

Si 

Surface 


U4 

3.90E+06 

1 - 

6.822E+04 

1.75E+00 

n.d. 

Surface 


U4 

3.90E+06 

2 U4.1 

2.406E+05 

6.16E+00 

n.d. 

Surface 


U4 

3.90E+06 

3 - 

1.319E+04 

3.38E-01 

n.d. 

Surface 


U4 

3.90E+06 

4 U4.3 

1.699E+05 

4.35E+00 

n.d. 

Surface 


U4 

3.90E+06 

5 U4.4 

2.494E+04 

6.39E-01 

Si 

Surface 


U4 

3.90E+06 

6 U4.2 

8.839E+04 

2.26E+00 

Si 

Interior 


U4 

3.90E+06 

7 - 

5.130E+04 

1.31E+00 

n.d. 

Interior 


U4 

3.90E+06 

8 U4.6 

1.851E+04 

4.74E-01 

Si 

Surface 


U4 

3.90E+06 

9 U4.5 

2.284E+04 

5.85E-01 

Si 

Surface 


U4 

3.90E+06 

10 U4.7 

4.776E+04 

1.22E+00 

n.d. 

Surface 


U4 

3.90E+06 

11 - 

5.614E+04 

1.44E+00 

n.d. 

Surface 
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Appendix B 

EDS Host Analyses 

Table B.l: Compositions in hosts of 37 samples measured by EDS. Analytical procedure is detailed in 


Chapter 4. Uncertainties are calculated as detailed in 
PCA model in Chapter 6. 

Sample Si02 lcr AI2O3 1 a Na20 1 cr K2O 

AA.B 74.40 3.14 12.63 0.64 3.45 0.25 3.39 

AA.B 72.81 3.08 13.16 0.66 3.77 0.27 3.68 

AA.B 73.74 3.11 12.94 0.65 3.63 0.26 3.67 

AA.B 72.07 3.05 12.46 0.63 3.30 0.24 3.71 

AA.B 73.69 3.11 12.69 0.64 3.39 0.25 3.84 

AA.B 76.47 3.23 13.45 0.67 3.58 0.26 3.63 

AA.B 73.98 3.12 12.53 0.63 3.46 0.25 3.70 

AA.B 97.19 4.09 2.38 0.16 0.90 0.09 0.88 

AA.B 73.72 3.11 12.49 0.63 3.71 0.27 3.79 

AA.B 71.92 3.04 13.48 0.67 3.42 0.25 3.79 

AA.B 96.83 4.07 3.02 0.19 0.91 0.09 0.95 

AA.B 95.88 4.03 2.72 0.18 0.96 0.10 0.91 

AA.B 73.33 3.10 11.96 0.60 3.33 0.24 3.76 

AA.B 93.87 3.95 4.01 0.24 1.19 0.11 1.23 

AA.B 72.92 3.08 13.20 0.66 3.69 0.27 3.82 

AA.B 74.81 3.16 13.32 0.67 3.76 0.27 3.70 

AA.B 74.98 3.17 12.99 0.65 3.63 0.26 3.76 

AA.B 102.36 4.30 0.75 0.09 0.09 0.04 0.03 

AA.B 100.92 4.24 1.00 0.10 0.38 0.06 0.16 

AA.B 71.13 3.01 12.79 0.64 3.37 0.25 3.78 

AA.B 75.94 3.21 13.22 0.66 3.45 0.25 3.49 

AA.B 74.80 3.16 12.82 0.64 3.31 0.24 3.68 

AA.B 74.96 3.17 12.71 0.64 3.37 0.25 3.68 

AA.B 71.65 3.03 12.43 0.63 3.32 0.24 3.73 

AA.B 73.06 3.09 12.43 0.63 3.31 0.24 3.78 

AA.B 75.31 3.18 12.91 0.65 3.50 0.25 3.64 

AA.B 73.15 3.09 12.47 0.63 3.49 0.25 3.73 

AA.B 72.69 3.07 12.52 0.63 2.97 0.22 3.70 

AA.B 73.33 3.10 12.24 0.62 3.10 0.23 3.73 

AA.B 75.06 3.17 13.06 0.65 3.11 0.23 3.70 

AA.B 73.78 3.12 13.08 0.66 2.74 0.21 3.26 

AA.B 75.05 3.17 13.64 0.68 2.87 0.21 3.24 

AA.B 78.12 3.30 12.98 0.65 2.89 0.22 3.20 

AA.B 74.03 3.13 12.64 0.64 2.85 0.21 3.42 

AA.B 72.66 3.07 12.78 0.64 3.02 0.22 3.64 

AA.B 71.55 3.02 12.40 0.62 3.23 0.24 3.64 

AA.B 80.87 3.41 11.08 0.56 2.70 0.20 3.18 


Chapter 6. These data are also used to generate the 


lcr CaO lcr FcO lcr TiOo lcr MgO lcr 

0.14 1.44 0.08 2.32 0.11 0.27 0.05 0.74 0.08 

0.15 1.55 0.09 2.55 0.12 0.30 0.06 0.77 0.09 

0.15 1.88 0.10 2.51 0.12 0.27 0.05 0.74 0.08 

0.15 1.87 0.09 2.44 0.11 0.28 0.06 0.68 0.08 

0.15 1.46 0.08 2.42 0.11 0.22 0.05 0.65 0.08 

0.14 1.48 0.08 2.58 0.12 0.26 0.05 0.78 0.09 

0.15 1.71 0.09 2.51 0.12 0.30 0.06 0.62 0.08 

0.06 0.16 0.04 0.60 0.06 0.06 0.05 0.35 0.06 

0.15 1.57 0.09 2.46 0.11 0.26 0.05 0.62 0.08 

0.15 1.56 0.09 2.51 0.11 0.22 0.05 0.71 0.08 

0.06 0.23 0.05 0.57 0.06 0.05 0.05 0.34 0.06 

0.06 0.03 0.04 0.47 0.05 0.10 0.05 0.30 0.06 

0.15 1.50 0.08 2.26 0.11 0.28 0.05 0.63 0.08 

0.07 0.34 0.05 0.79 0.06 0.10 0.05 0.42 0.07 

0.15 1.65 0.09 2.58 0.12 0.31 0.06 0.72 0.08 

0.15 1.75 0.09 2.47 0.11 0.29 0.06 0.80 0.09 

0.15 1.72 0.09 2.43 0.11 0.29 0.06 0.65 0.08 

0.03 0.03 0.04 0.03 0.04 0.03 0.05 0.21 0.06 

0.04 0.07 0.04 0.25 0.05 0.03 0.05 0.23 0.06 

0.15 1.80 0.09 2.62 0.12 0.30 0.06 0.72 0.08 

0.14 1.89 0.10 2.49 0.11 0.25 0.05 0.71 0.08 

0.15 1.90 0.10 2.62 0.12 0.17 0.05 0.73 0.08 

0.15 1.81 0.09 2.48 0.11 0.29 0.06 0.69 0.08 

0.15 1.64 0.09 2.52 0.12 0.34 0.06 0.66 0.08 

0.15 1.72 0.09 2.52 0.12 0.29 0.06 0.67 0.08 

0.14 1.88 0.10 2.58 0.12 0.31 0.06 0.69 0.08 

0.15 1.59 0.09 2.50 0.11 0.29 0.06 0.64 0.08 

0.15 1.92 0.10 2.47 0.11 0.27 0.05 0.67 0.08 

0.15 1.94 0.10 2.55 0.12 0.24 0.05 0.65 0.08 

0.15 2.15 0.10 2.60 0.12 0.34 0.06 0.67 0.08 

0.13 1.93 0.10 2.48 0.11 0.29 0.06 0.65 0.08 

0.13 1.92 0.10 2.56 0.12 0.26 0.05 0.74 0.08 

0.13 1.65 0.09 2.46 0.11 0.22 0.05 0.68 0.08 

0.14 1.77 0.09 2.55 0.12 0.26 0.05 0.72 0.08 

0.14 1.90 0.10 2.71 0.12 0.32 0.06 0.69 0.08 

0.14 1.73 0.09 2.55 0.12 0.27 0.05 0.65 0.08 

0.13 1.51 0.08 2.11 0.10 0.20 0.05 0.58 0.08 































APPENDIX B. EDS HOST ANALYSES 


335 


AA.B 71.56 

AA.B 73.12 

AA.B 73.01 

AA.B 73.06 

AA.B 74.98 

AA.B 74.75 

AA.B 73.16 

AA.B 73.89 

AA.B 76.88 

AA.B 74.74 

AA.B 74.51 

AA.B 76.54 

AA.B 75.14 

AA.B 72.80 

AA.B 75.59 

AA.B 76.17 

AA.B 72.99 

AA.B 74.93 

AA.B 72.29 

AA.B 74.66 

AA.B 75.15 

AA.B 72.15 

AA.B 72.23 

AA.B 71.46 

AA.B 74.64 

AA.B 74.73 

AA.B 73.12 

AA.B 75.14 

AA.B 72.43 

AA.B 72.69 

AA.B 70.82 

AA.B 73.23 

AA.B 75.30 

AA.B 71.51 

AA.B 71.73 

AA.B 73.60 

AA.B 73.03 

AA.B 73.39 

AA.B 71.36 

AA.B 75.92 

AA.B 81.49 

AA.B 74.56 

AA.B 74.06 

AA.B 72.14 

AA.B 73.68 

AA.B 73.11 

AA.B 73.74 

AA.B 73.35 

AA.B 74.58 

AA.B 74.21 

AA.B 73.34 

AA.B 75.40 

AA.B 73.22 

AA.B 73.03 

AA.B 72.38 

AA.B 73.56 

AA.B 72.53 

AA.B 74.79 

AA.B 73.56 

AA.B 74.47 

AA.B 74.22 

AA.B 73.86 


3.02 13.28 0.67 

3.09 12.07 0.61 

3.08 12.92 0.65 

3.09 13.59 0.68 

3.17 12.80 0.64 

3.16 13.09 0.66 

3.09 13.40 0.67 

3.12 13.87 0.69 

3.24 12.62 0.63 

3.16 13.12 0.66 

3.15 13.60 0.68 

3.23 11.99 0.61 

3.17 12.16 0.61 

3.08 13.17 0.66 

3.19 13.56 0.68 

3.22 14.35 0.71 

3.08 13.49 0.68 

3.16 12.88 0.65 

3.05 12.33 0.62 

3.15 12.80 0.64 

3.17 12.84 0.64 

3.05 12.30 0.62 

3.05 13.74 0.69 

3.02 12.63 0.64 

3.15 12.94 0.65 

3.16 13.18 0.66 

3.09 12.46 0.63 

3.17 12.91 0.65 

3.06 13.21 0.66 

3.07 12.96 0.65 

2.99 13.17 0.66 

3.09 12.83 0.64 

3.18 12.89 0.65 

3.02 12.45 0.63 

3.03 13.26 0.66 

3.11 13.06 0.66 

3.09 12.95 0.65 

3.10 12.84 0.64 

3.02 12.88 0.65 

3.21 13.28 0.67 

3.44 9.14 0.47 

3.15 13.44 0.67 

3.13 12.36 0.62 

3.05 12.77 0.64 

3.11 12.90 0.65 

3.09 12.32 0.62 

3.11 12.57 0.63 

3.10 12.50 0.63 

3.15 13.82 0.69 

3.13 12.88 0.65 

3.10 12.69 0.64 

3.18 12.70 0.64 

3.09 12.62 0.63 

3.09 12.55 0.63 

3.06 12.62 0.63 

3.11 12.72 0.64 

3.06 12.67 0.64 

3.16 12.68 0.64 

3.11 13.01 0.65 

3.14 13.13 0.66 

3.13 12.89 0.65 

3.12 13.05 0.65 


3.45 0.25 3.76 

2.90 0.22 3.57 

2.88 0.22 3.45 

2.98 0.22 3.51 

2.81 0.21 3.36 

2.77 0.21 3.28 

2.73 0.21 3.28 

2.94 0.22 3.24 

2.99 0.22 3.83 

3.25 0.24 3.66 

3.23 0.24 3.67 

3.05 0.23 3.46 

3.18 0.23 3.63 

2.97 0.22 3.49 

3.41 0.25 3.67 

3.44 0.25 3.59 

3.46 0.25 3.71 

3.68 0.27 3.52 

3.56 0.26 3.70 

3.86 0.28 3.50 

4.00 0.28 3.50 

3.81 0.27 3.68 

3.44 0.25 3.58 

3.71 0.27 3.79 

3.68 0.27 3.57 

3.23 0.24 3.10 

3.55 0.26 3.60 

3.83 0.27 3.47 

3.46 0.25 3.65 

3.53 0.26 3.62 

3.55 0.26 3.66 

3.67 0.26 3.68 

3.66 0.26 3.46 

3.35 0.24 3.51 

3.42 0.25 3.60 

3.62 0.26 3.72 

3.60 0.26 3.61 

3.53 0.26 3.64 

3.52 0.26 3.69 

3.66 0.26 3.37 

2.66 0.20 2.84 

3.66 0.26 3.57 

3.48 0.25 3.71 

3.47 0.25 3.64 

3.70 0.27 3.75 

3.69 0.27 3.84 

3.84 0.28 3.79 

3.80 0.27 3.71 

3.11 0.23 3.28 

3.35 0.24 3.57 

3.34 0.24 3.58 

3.71 0.27 3.69 

3.58 0.26 3.63 

3.61 0.26 3.76 

3.49 0.25 3.68 

3.55 0.26 3.61 

3.40 0.25 3.79 

3.67 0.26 3.84 

3.77 0.27 3.84 

3.68 0.27 3.66 

3.60 0.26 3.54 

3.68 0.26 3.72 


0.15 1.82 0.09 

0.14 1.73 0.09 

0.14 1.90 0.10 

0.14 2.03 0.10 

0.14 1.88 0.10 

0.13 1.94 0.10 

0.13 2.21 0.11 

0.13 2.21 0.11 

0.15 2.45 0.11 

0.15 2.54 0.11 

0.15 2.60 0.12 

0.14 2.05 0.10 

0.14 2.28 O.il 

0.14 1.86 0.09 

0.15 2.48 0.11 

0.14 2.67 0.12 

0.15 1.40 0.08 

0.14 1.74 0.09 

0.15 2.18 0.10 

0.14 2.14 0.10 

0.14 2.02 0.10 

0.15 2.10 0.10 

0.14 1.69 0.09 

0.15 1.41 0.08 

0.14 1.55 0.09 

0.13 1.53 0.08 

0.14 1.86 0.09 

0.14 1.48 0.08 

0.14 1.50 0.08 

0.14 1.46 0.08 

0.15 1.48 0.08 

0.15 1.51 0.08 

0.14 1.77 0.09 

0.14 1.84 0.09 

0.14 1.60 0.09 

0.15 1.47 0.08 

0.14 1.44 0.08 

0.14 1.45 0.08 

0.15 1.44 0.08 

0.14 1.45 0.08 

0.12 1.18 0.07 

0.14 1.80 0.09 

0.15 1.41 0.08 

0.14 1.54 0.08 

0.15 1.54 0.09 

0.15 1.55 0.09 

0.15 1.61 0.09 

0.15 1.65 0.09 

0.13 2.12 0.10 

0.14 2.13 0.10 

0.14 1.97 0.10 

0.15 1.86 0.09 

0.14 1.90 0.10 

0.15 2.05 0.10 

0.15 2.14 0.10 

0.14 1.93 0.10 

0.15 1.99 0.10 

0.15 1.50 0.08 

0.15 1.87 0.09 

0.15 1.76 0.09 

0.14 1.66 0.09 

0.15 1.81 0.09 


2.53 0.12 0.30 

2.35 0.11 0.26 

2.35 0.11 0.29 

2.58 0.12 0.30 

2.56 0.12 0.32 

2.46 0.11 0.25 

2.61 0.12 0.27 

2.55 0.12 0.28 

2.47 0.11 0.29 

2.48 0.11 0.29 

2.50 0.11 0.32 

2.25 0.11 0.26 

2.49 0.11 0.27 

2.50 0.11 0.30 

2.47 0.11 0.29 

2.46 0.11 0.29 

2.53 0.12 0.32 

2.52 0.12 0.23 

2.48 0.11 0.28 

2.48 0.11 0.27 

2.43 0.11 0.26 

2.40 0.11 0.24 

2.62 0.12 0.29 

2.66 0.12 0.27 

2.46 0.11 0.29 

2.48 0.11 0.28 

2.55 0.12 0.34 

2.59 0.12 0.19 

2.59 0.12 0.21 

2.61 0.12 0.25 

2.52 0.12 0.32 

2.47 0.11 0.29 

2.42 0.11 0.24 

2.52 0.12 0.29 

2.50 0.11 0.25 

2.40 0.11 0.26 

2.52 0.12 0.14 

2.48 0.11 0.27 

2.48 0.11 0.22 

2.43 0.11 0.26 

1.93 0.10 0.20 

2.72 0.12 0.31 

2.50 0.11 0.26 

2.43 0.11 0.24 

2.47 0.11 0.28 

2.38 0.11 0.32 

2.43 0.11 0.26 

2.52 0.12 0.27 

2.64 0.12 0.32 

2.53 0.12 0.27 

2.47 0.11 0.23 

2.37 0.11 0.26 

2.48 0.11 0.29 

2.52 0.12 0.28 

2.47 0.11 0.23 

2.58 0.12 0.28 

2.73 0.12 0.37 

2.53 0.12 0.27 

2.53 0.12 0.35 

2.54 0.12 0.26 

2.52 0.12 0.28 

2.61 0.12 0.36 


0.06 0.71 0.08 

0.05 0.68 0.08 

0.06 0.66 0.08 

0.06 0.73 0.08 

0.06 0.72 0.08 

0.05 0.67 0.08 

0.05 0.76 0.08 

0.06 0.76 0.08 

0.06 0.63 0.08 

0.06 0.63 0.08 

0.06 0.68 0.08 

0.05 0.72 0.08 

0.05 0.69 0.08 

0.06 0.69 0.08 

0.06 0.72 0.08 

0.06 0.79 0.09 

0.06 0.64 0.08 

0.05 0.70 0.08 

0.06 0.67 0.08 

0.05 0.68 0.08 

0.05 0.68 0.08 

0.05 0.64 0.08 

0.06 0.70 0.08 

0.05 0.65 0.08 

0.06 0.70 0.08 

0.06 0.69 0.08 

0.06 0.64 0.08 

0.05 0.63 0.08 

0.05 0.64 0.08 

0.05 0.65 0.08 

0.06 0.66 0.08 

0.06 0.65 0.08 

0.05 0.69 0.08 

0.06 0.65 0.08 

0.05 0.64 0.08 

0.05 0.64 0.08 

0.05 0.63 0.08 

0.05 0.66 0.08 

0.05 0.68 0.08 

0.05 0.64 0.08 

0.05 0.58 0.08 

0.06 0.75 0.08 

0.05 0.63 0.08 

0.05 0.69 0.08 

0.05 0.64 0.08 

0.06 0.64 0.08 

0.05 0.55 0.07 

0.05 0.61 0.08 

0.06 0.75 0.08 

0.05 0.69 0.08 

0.05 0.68 0.08 

0.05 0.69 0.08 

0.06 0.70 0.08 

0.06 0.69 0.08 

0.05 0.65 0.08 

0.06 0.67 0.08 

0.06 0.71 0.08 

0.05 0.62 0.08 

0.06 0.75 0.08 

0.05 0.72 0.08 

0.06 0.70 0.08 

0.06 0.69 0.08 
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AA.B 73.13 

AA.B 75.56 

AA.B 74.50 

AA.B 75.64 

AA.B 73.98 

AA.B 73.71 

AA.B 72.85 

AA.B 74.19 

AA.B 74.19 

AA.B 74.09 

AA.B 74.15 

AA.B 73.26 

AA.B 73.77 

AA.B 73.45 

AA.B 74.74 

AA.B 75.56 

AA.B 76.62 

AA.B 74.27 

AA.B 73.96 

AA.B 73.58 

AA.B 72.53 

AA.B 73.14 

AA.B 73.66 

AA.B 74.34 

AA.B 72.89 

AA.B 75.54 

AA.B 75.78 

AA.B 75.14 

AA.B 74.40 

AA.B 71.44 

AA.B 73.53 

AA.B 76.11 

AA.B 72.12 

AA.B 75.09 

AA.B 75.35 

AA.B 75.09 

AA.B 74.16 

AA.B 74.98 

AA.B 74.25 

AA.B 73.35 

AA.B 73.56 

AA.B 73.93 

AA.B 76.82 

AA.B 75.02 

AA.B 75.52 

AA.B 74.63 

AA.B 73.82 

AA.B 75.02 

AA.B 71.85 

AA.B 71.78 

AA.B 72.50 

AA.B 75.12 

AA.B 72.50 

AA.B 74.93 

AA.B 75.78 

AA.B 73.41 

AA.B 73.68 

AA.B 73.59 

AA.B 74.74 

AA.B 74.91 

AA.B 74.95 

AA.B 72.78 


3.09 12.46 0.63 

3.19 12.84 0.64 

3.15 13.42 0.67 

3.19 13.13 0.66 

3.12 13.84 0.69 

3.11 13.30 0.67 

3.08 12.76 0.64 

3.13 12.66 0.64 

3.13 12.96 0.65 

3.13 13.79 0.69 

3.13 12.83 0.64 

3.09 13.54 0.68 

3.12 13.18 0.66 

3.10 13.19 0.66 

3.16 13.29 0.67 

3.19 12.91 0.65 

3.23 13.00 0.65 

3.14 12.71 0.64 

3.12 12.67 0.64 

3.11 12.73 0.64 

3.06 12.79 0.64 

3.09 12.47 0.63 

3.11 12.94 0.65 

3.14 12.76 0.64 

3.08 13.35 0.67 

3.19 13.00 0.65 

3.20 12.94 0.65 

3.17 12.84 0.64 

3.14 12.93 0.65 

3.02 13.10 0.66 

3.11 12.58 0.63 

3.21 12.87 0.65 

3.05 12.10 0.61 

3.17 12.63 0.64 

3.18 12.88 0.65 

3.17 12.89 0.65 

3.13 12.88 0.65 

3.17 12.87 0.65 

3.14 12.81 0.64 

3.10 12.60 0.63 

3.11 12.65 0.64 

3.12 12.94 0.65 

3.24 13.25 0.66 

3.17 12.78 0.64 

3.19 12.63 0.64 

3.15 12.67 0.64 

3.12 12.40 0.62 

3.17 12.41 0.62 

3.04 15.27 0.76 

3.03 13.56 0.68 

3.06 13.55 0.68 

3.17 12.67 0.64 

3.06 12.17 0.61 

3.16 12.96 0.65 

3.20 12.99 0.65 

3.10 12.70 0.64 

3.11 12.39 0.62 

3.11 12.50 0.63 

3.16 13.14 0.66 

3.16 13.01 0.65 

3.16 13.09 0.66 

3.07 12.80 0.64 


3.53 0.26 3.74 

3.68 0.27 3.55 

3.72 0.27 3.53 

3.38 0.25 3.37 

3.44 0.25 3.43 

3.49 0.25 3.66 

3.61 0.26 3.81 

3.55 0.26 3.83 

3.59 0.26 3.73 

3.74 0.27 3.80 

3.49 0.25 3.76 

3.64 0.26 3.74 

3.46 0.25 3.66 

3.52 0.26 3.73 

2.92 0.22 3.28 

3.21 0.24 3.42 

3.33 0.24 3.41 

3.79 0.27 3.66 

3.73 0.27 3.57 

3.69 0.27 3.59 

3.56 0.26 3.65 

3.64 0.26 3.70 

3.63 0.26 3.64 

3.61 0.26 3.60 

3.65 0.26 3.60 

3.53 0.26 3.38 

3.52 0.26 3.52 

3.44 0.25 3.59 

3.57 0.26 3.65 

3.67 0.26 3.78 

3.71 0.27 3.65 

3.91 0.28 3.68 

3.65 0.26 3.72 

3.90 0.28 3.56 

3.52 0.26 3.54 

3.47 0.25 3.58 

3.53 0.26 3.65 

3.63 0.26 3.65 

3.49 0.25 3.52 

3.54 0.26 3.67 

3.52 0.26 3.56 

3.77 0.27 3.45 

3.85 0.28 3.72 

3.73 0.27 3.74 

3.81 0.27 3.82 

3.82 0.27 3.94 

3.80 0.27 3.92 

3.65 0.26 3.67 

3.48 0.25 3.46 

3.16 0.23 3.30 

3.26 0.24 3.37 

3.64 0.26 3.76 

3.40 0.25 3.75 

3.64 0.26 3.69 

3.86 0.28 3.74 

3.75 0.27 3.85 

3.68 0.27 3.75 

3.72 0.27 3.72 

3.82 0.27 3.62 

3.48 0.25 3.64 

3.52 0.26 3.71 

3.36 0.25 3.77 


0.15 1.67 0.09 

0.14 1.31 0.08 

0.14 1.38 0.08 

0.14 2.09 0.10 

0.14 2.55 0.12 

0.15 2.47 0.11 

0.15 1.78 0.09 

0.15 1.81 0.09 

0.15 1.60 0.09 

0.15 2.09 0.10 

0.15 2.10 0.10 

0.15 1.27 0.08 

0.15 1.55 0.09 

0.15 1.83 0.09 

0.13 1.91 0.10 

0.14 1.94 0.10 

0.14 1.89 0.10 

0.15 1.45 0.08 

0.14 1.47 0.08 

0.14 1.91 0.10 

0.15 1.66 0.09 

0.15 1.30 0.08 

0.14 1.30 0.08 

0.14 1.35 0.08 

0.14 1.41 0.08 

0.14 1.91 0.10 

0.14 1.82 0.09 

0.14 1.65 0.09 

0.15 1.56 0.09 

0.15 1.71 0.09 

0.15 1.66 0.09 

0.15 1.64 0.09 

0.15 1.66 0.09 

0.14 1.81 0.09 

0.14 1.73 0.09 

0.14 1.67 0.09 

0.14 1.70 0.09 

0.15 1.62 0.09 

0.14 1.70 0.09 

0.15 1.75 0.09 

0.14 1.80 0.09 

0.14 1.68 0.09 

0.15 1.61 0.09 

0.15 1.58 0.09 

0.15 1.51 0.08 

0.15 1.69 0.09 

0.15 1.66 0.09 

0.15 1.59 0.09 

0.14 1.92 0.10 

0.13 1.61 0.09 

0.14 1.73 0.09 

0.15 1.72 0.09 

0.15 1.55 0.09 

0.15 1.52 0.08 

0.15 1.63 0.09 

0.15 1.58 0.09 

0.15 1.59 0.09 

0.15 1.68 0.09 

0.14 1.51 0.08 

0.14 2.25 0.11 

0.15 2.30 0.11 

0.15 2.30 0.11 


2.51 0.12 0.28 

2.39 0.11 0.21 

2.56 0.12 0.29 

2.57 0.12 0.26 

2.71 0.12 0.30 

2.60 0.12 0.37 

2.64 0.12 0.30 

2.59 0.12 0.25 

2.59 0.12 0.32 

2.68 0.12 0.32 

2.50 0.11 0.29 

2.45 0.11 0.22 

2.59 0.12 0.22 

2.56 0.12 0.31 

2.59 0.12 0.33 

2.61 0.12 0.29 

2.52 0.12 0.25 

2.54 0.12 0.30 

2.52 0.12 0.25 

2.56 0.12 0.28 

2.56 0.12 0.29 

2.56 0.12 0.27 

2.35 0.11 0.26 

2.59 0.12 0.28 

2.57 0.12 0.25 

2.46 0.11 0.26 

2.52 0.12 0.28 

2.61 0.12 0.23 

2.51 0.12 0.31 

2.75 0.12 0.27 

2.50 0.11 0.22 

2.54 0.12 0.23 

2.46 0.11 0.24 

2.45 0.11 0.24 

2.32 0.11 0.27 

2.55 0.12 0.17 

2.45 0.11 0.29 

2.43 0.11 0.31 

2.39 0.11 0.33 

2.44 0.11 0.24 

2.64 0.12 0.33 

2.60 0.12 0.29 

2.51 0.12 0.26 

2.59 0.12 0.32 

2.53 0.12 0.32 

2.43 0.11 0.23 

2.44 0.11 0.22 

2.40 0.11 0.31 

2.71 0.12 0.32 

2.59 0.12 0.34 

2.55 0.12 0.33 

2.53 0.12 0.28 

2.38 0.11 0.22 

2.47 0.11 0.25 

2.56 0.12 0.27 

2.58 0.12 0.28 

2.54 0.12 0.28 

2.45 0.11 0.24 

2.55 0.12 0.24 

2.45 0.11 0.24 

2.50 0.11 0.29 

2.55 0.12 0.27 


0.05 0.63 0.08 

0.05 0.61 0.08 

0.06 0.65 0.08 

0.05 0.67 0.08 

0.06 0.72 0.08 

0.06 0.76 0.08 

0.06 0.67 0.08 

0.05 0.70 0.08 

0.06 0.65 0.08 

0.06 0.78 0.09 

0.06 0.64 0.08 

0.05 0.63 0.08 

0.05 0.69 0.08 

0.06 0.68 0.08 

0.06 0.76 0.08 

0.06 0.63 0.08 

0.05 0.69 0.08 

0.06 0.69 0.08 

0.05 0.69 0.08 

0.05 0.71 0.08 

0.06 0.69 0.08 

0.05 0.65 0.08 

0.05 0.64 0.08 

0.06 0.68 0.08 

0.05 0.62 0.08 

0.05 0.64 0.08 

0.05 0.68 0.08 

0.05 0.70 0.08 

0.06 0.66 0.08 

0.05 0.70 0.08 

0.05 0.69 0.08 

0.05 0.70 0.08 

0.05 0.65 0.08 

0.05 0.63 0.08 

0.05 0.68 0.08 

0.05 0.69 0.08 

0.06 0.66 0.08 

0.06 0.67 0.08 

0.06 0.66 0.08 

0.05 0.64 0.08 

0.06 0.65 0.08 

0.06 0.72 0.08 

0.05 0.69 0.08 

0.06 0.69 0.08 

0.06 0.63 0.08 

0.05 0.68 0.08 

0.05 0.61 0.08 

0.06 0.64 0.08 

0.06 0.76 0.08 

0.06 0.66 0.08 

0.06 0.70 0.08 

0.06 0.64 0.08 

0.05 0.59 0.08 

0.05 0.65 0.08 

0.05 0.64 0.08 

0.06 0.67 0.08 

0.06 0.63 0.08 

0.05 0.67 0.08 

0.05 0.69 0.08 

0.05 0.70 0.08 

0.06 0.73 0.08 

0.05 0.67 0.08 
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AA.B 75.00 

AA.B 72.83 

AA.B 72.74 

AA.B 73.67 

AA.B 74.47 

AA.B 74.32 

AA.B 73.16 

AA.B 74.86 

AA.B 74.42 

AA.B 74.73 

AA.B 74.08 

AA.B 73.86 

AA.B 76.21 

AE.C 72.24 

AE.C 71.92 

AE.C 71.53 

AE.C 76.51 

AE.C 73.70 

AE.C 70.26 

AE.C 73.49 

AE.C 71.64 

AE.C 70.52 

AE.C 71.09 

AE.C 69.53 

AE.C 69.49 

AE.C 71.14 

AE.C 74.55 

AE.C 72.88 

AE.C 76.69 

AE.C 75.05 

AE.C 75.37 

AE.C 76.45 

AE.C 77.94 

AE.C 79.02 

AE.C 72.35 

AE.C 71.76 

AE.C 69.77 

AE.C 74.81 

AE.C 76.28 

AE.C 72.36 

AE.C 71.27 

AE.C 73.00 

AE.C 72.11 

AE.C 74.31 

AE.C 71.98 

AE.C 72.18 

AE.C 72.44 

AE.C 71.71 

AE.C 71.75 

AE.C 73.95 

AE.C 75.12 

AE.C 72.55 

AE.C 73.37 

AE.C 72.99 

AE.C 74.61 

AE.C 71.67 

AE.C 72.95 

AE.C 74.21 

AE.C 71.23 

AE.C 72.85 

AE.C 73.86 

AE.C 72.90 


3.17 12.71 0.64 

3.08 12.80 0.64 

3.07 12.36 0.62 

3.11 12.59 0.63 

3.14 13.04 0.65 

3.14 12.95 0.65 

3.09 14.05 0.70 

3.16 13.06 0.66 

3.14 13.73 0.69 

3.16 13.12 0.66 

3.13 13.05 0.65 

3.12 12.98 0.65 

3.22 12.91 0.65 

3.05 14.65 0.73 

3.04 13.61 0.68 

3.02 13.45 0.67 

3.23 13.16 0.66 

3.11 14.28 0.71 

2.97 15.05 0.75 

3.10 12.37 0.62 

3.03 14.45 0.72 

2.98 14.08 0.70 

3.01 15.58 0.77 

2.94 14.70 0.73 

2.94 13.87 0.69 

3.01 13.22 0.66 

3.15 13.00 0.65 

3.08 13.21 0.66 

3.24 11.58 0.59 

3.17 12.39 0.62 

3.18 11.78 0.60 

3.23 10.54 0.54 

3.29 11.72 0.59 

3.33 11.78 0.60 

3.06 11.29 0.57 

3.03 13.45 0.67 

2.95 12.00 0.61 

3.16 13.94 0.70 

3.22 13.91 0.69 

3.06 13.89 0.69 

3.01 16.63 0.82 

3.08 13.33 0.67 

3.05 14.08 0.70 

3.14 14.43 0.72 

3.04 15.98 0.79 

3.05 13.02 0.65 

3.06 16.47 0.81 

3.03 14.27 0.71 

3.03 13.24 0.66 

3.12 13.97 0.70 

3.17 13.80 0.69 

3.07 15.71 0.78 

3.10 13.39 0.67 

3.08 15.18 0.75 

3.15 13.38 0.67 

3.03 14.28 0.71 

3.08 14.11 0.70 

3.13 14.34 0.71 

3.01 14.54 0.72 

3.08 14.16 0.71 

3.12 14.53 0.72 

3.08 13.96 0.70 


3.69 0.27 3.73 

3.66 0.26 3.85 

3.54 0.26 3.78 

3.71 0.27 3.66 

3.77 0.27 3.72 

3.54 0.26 3.61 

3.68 0.27 3.78 

3.53 0.26 3.70 

2.95 0.22 3.18 

3.37 0.25 3.56 

3.43 0.25 3.60 

3.52 0.26 3.68 

3.77 0.27 3.63 

3.52 0.26 3.68 

4.51 0.32 4.59 

5.59 0.38 5.12 

4.56 0.32 4.41 

4.60 0.32 4.00 

4.57 0.32 4.32 

3.89 0.28 4.45 

5.00 0.35 4.86 

4.95 0.34 4.70 

4.68 0.33 4.33 

4.69 0.33 4.73 

5.42 0.37 5.18 

5.32 0.37 5.00 

4.99 0.35 4.37 

5.23 0.36 4.47 

4.38 0.31 4.38 

5.46 0.38 4.98 

5.12 0.35 4.67 

4.09 0.29 4.29 

4.15 0.29 4.54 

4.40 0.31 4.68 

4.87 0.34 5.08 

4.10 0.29 4.18 

5.02 0.35 5.15 

3.81 0.27 3.98 

3.35 0.25 3.54 

3.30 0.24 3.60 

2.86 0.21 2.87 

3.31 0.24 3.78 

3.15 0.23 3.39 

3.00 0.22 3.08 

2.86 0.21 2.93 

3.01 0.22 3.48 

2.76 0.21 2.84 

3.12 0.23 3.58 

3.56 0.26 4.01 

3.39 0.25 3.57 

3.25 0.24 3.56 

3.35 0.24 3.57 

3.02 0.22 3.61 

2.55 0.20 2.81 

2.71 0.21 3.09 

3.22 0.24 3.66 

3.53 0.26 3.87 

3.52 0.26 3.66 

3.18 0.23 3.55 

3.36 0.25 3.63 

3.41 0.25 3.66 

3.16 0.23 3.57 


0.15 1.67 0.09 

0.15 1.72 0.09 

0.15 1.60 0.09 

0.15 1.69 0.09 

0.15 1.73 0.09 

0.14 1.46 0.08 

0.15 1.31 0.08 

0.15 1.88 0.10 

0.13 2.20 0.10 

0.14 2.33 0.11 

0.14 2.32 0.11 

0.15 2.32 0.11 

0.14 1.71 0.09 

0.15 1.69 0.09 

0.17 1.86 0.09 

0.19 1.65 0.09 

0.17 1.28 0.08 

0.16 1.26 0.08 

0.17 1.25 0.08 

0.17 1.21 0.08 

0.18 1.18 0.07 

0.18 1.32 0.08 

0.17 1.49 0.08 

0.18 1.15 0.07 

0.19 1.15 0.07 

0.19 0.96 0.07 

0.17 0.77 0.06 

0.17 0.66 0.06 

0.17 0.03 0.04 

0.19 0.63 0.06 

0.18 0.13 0.04 

0.16 0.03 0.04 

0.17 0.06 0.04 

0.18 0.22 0.05 

0.19 0.27 0.05 

0.16 0.99 0.07 

0.19 0.48 0.05 

0.16 1.76 0.09 

0.14 1.52 0.08 

0.14 1.84 0.09 

0.12 3.45 0.14 

0.15 1.40 0.08 

0.14 2.20 0.10 

0.13 2.55 0.12 

0.12 3.20 0.13 

0.14 1.84 0.09 

0.12 3.40 0.14 

0.14 1.54 0.08 

0.16 1.24 0.08 

0.14 1.87 0.09 

0.14 1.53 0.08 

0.14 1.80 0.09 

0.14 1.92 0.10 

0.12 2.84 0.12 

0.13 1.77 0.09 

0.15 1.71 0.09 

0.15 1.73 0.09 

0.15 1.53 0.08 

0.14 1.76 0.09 
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0.22 

3.70 

0.15 

2.41 

0.11 

3.09 

0.13 0. 

32 

0.06 

0.69 0.08 

AG.D 

73.90 

3.12 

14.93 

0.74 

2.97 

0.22 

3.48 

0.14 

1.95 

0.10 

2.89 

0.13 0. 

t2 

0.06 

0.69 0.08 

AG.D 

72.68 

3.07 

13.70 

0.68 

3.27 

0.24 

4.23 

0.16 

2.09 

0.10 

3.02 

0.13 0. 

43 

0.06 

0.83 0.09 

AG.D 

73.16 

3.09 

14.92 

0.74 

3.42 

0.25 

4.09 

0.16 

2.01 

0.10 

2.89 

0.13 0. 

44 

0.06 

0.88 0.09 

AG.D 

75.59 

3.19 

13.15 

0.66 

3.30 

0.24 

4.09 

0.16 

1.52 

0.08 

2.74 

0.12 0. 

to 

0.06 

0.75 0.08 

AG.D 

74.63 

3.15 

13.88 

0.69 

3.49 

0.25 

3.91 

0.15 

1.97 

0.10 

2.83 

0.12 0. 

35 

0.06 

0.66 0.08 

AG.D 

76.01 

3.21 

13.53 

0.68 

3.55 

0.26 

4.01 

0.16 

1.87 

0.09 

2.85 

0.13 0. 

36 

0.06 

0.63 0.08 

AG.D 

76.11 

3.21 

14.11 

0.70 

3.37 

0.25 

3.75 

0.15 

2.06 

0.10 

2.78 

0.12 0. 

33 

0.06 

0.69 0.08 

AG.D 

76.69 

3.24 

13.88 

0.69 

3.05 

0.23 

3.61 

0.14 

1.97 

0.10 

3.16 

0.14 0. 

33 

0.06 

0.65 0.08 

AG.D 

74.12 

3.13 

13.72 

0.69 

2.94 

0.22 

3.50 

0.14 

2.36 

0.11 

2.80 

0.12 0. 

31 

0.06 

0.66 0.08 

AG.D 

73.67 

3.11 

14.48 

0.72 

2.97 

0.22 

3.68 

0.15 

2.29 

0.11 

3.04 

0.13 0. 

35 

0.06 

0.72 0.08 

AG.D 

74.62 

3.15 

13.28 

0.67 

2.88 

0.22 

3.56 

0.14 

1.90 

0.10 

2.73 

0.12 0.29 

0.06 

0.58 0.08 
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AG.D 74.90 

AG.D 73.22 

AG.D 76.88 

AG.D 74.21 

AG.D 74.88 

AG.D 76.88 

AG.D 75.36 

AG.D 75.45 

AG.D 73.13 

AG.D 73.22 

AG.D 82.65 

AG.D 77.09 

AG.D 74.15 

AG.D 75.81 

AG.D 74.75 

AG.D 72.02 

AG.D 74.06 

AG.D 73.12 

AG.D 71.92 

AG.D 77.18 

AG.D 74.13 

AG.D 79.85 

AG.D 76.71 

AG.D 76.92 

AG.D 73.34 

AG.D 73.59 

AG.D 73.53 

AG.D 71.99 

AG.D 74.21 

AG.D 75.69 

AG.D 74.91 

AG.D 82.67 

AG.D 76.72 

AG.D 72.58 

AG.D 78.16 

AG.D 73.10 

AG.D 73.40 

AG.D 68.49 

AG.D 75.37 

AG.D 83.36 

AG.D 68.67 

AG.D 74.03 

AG.D 67.41 

AG.D 74.16 

AG.D 72.40 

AG.D 73.74 

AG.D 81.60 

AG.D 74.19 

AG.D 74.58 

AG.D 72.97 

AG.D 74.07 

AG.D 74.65 

AG.D 69.03 

AG.D 71.21 

AG.D 72.78 

AG.D 76.40 

AG.D 75.16 

AG.D 77.14 

AG.D 71.25 

AG.D 72.65 

AG.D 73.15 

AG.D 75.45 


3.16 13.42 0.67 

3.09 15.06 0.75 

3.24 12.90 0.65 

3.13 13.74 0.69 

3.16 14.45 0.72 

3.24 13.96 0.70 

3.18 13.93 0.70 

3.19 14.17 0.71 

3.09 13.86 0.69 

3.09 14.49 0.72 

3.48 10.76 0.55 

3.25 13.47 0.67 

3.13 13.91 0.69 

3.20 13.75 0.69 

3.16 13.86 0.69 

3.04 14.39 0.72 

3.13 14.24 0.71 

3.09 14.82 0.74 

3.04 13.99 0.70 

3.26 13.57 0.68 

3.13 14.15 0.71 

3.37 11.85 0.60 

3.24 11.51 0.58 

3.25 13.51 0.68 

3.10 13.57 0.68 

3.11 14.25 0.71 

3.11 12.29 0.62 

3.04 13.69 0.68 

3.13 13.97 0.70 

3.20 13.49 0.67 

3.16 14.69 0.73 

3.48 8.71 0.45 

3.24 13.68 0.68 

3.07 15.58 0.77 

3.30 12.24 0.62 

3.09 13.77 0.69 

3.10 14.19 0.71 

2.90 17.65 0.87 

3.18 13.35 0.67 

3.51 9.80 0.50 

2.90 18.44 0.90 

3.13 14.66 0.73 

2.85 18.12 0.89 

3.13 13.69 0.68 

3.06 15.50 0.77 

3.11 14.07 0.70 

3.44 10.74 0.55 

3.13 13.65 0.68 

3.15 14.59 0.73 

3.08 15.70 0.78 

3.13 13.86 0.69 

3.15 13.02 0.65 

2.92 16.97 0.84 

3.01 15.43 0.76 

3.08 14.13 0.70 

3.22 14.43 0.72 

3.17 13.61 0.68 

3.26 12.47 0.63 

3.01 14.27 0.71 

3.07 13.54 0.68 

3.09 15.61 0.77 

3.19 14.36 0.72 


4.32 0.30 4.86 

2.96 0.22 3.56 

2.82 0.21 3.46 

3.02 0.22 3.65 

3.25 0.24 3.77 

2.80 0.21 3.50 

3.16 0.23 3.51 

2.94 0.22 3.44 

3.11 0.23 3.66 

3.68 0.27 4.06 

2.68 0.20 3.56 

3.72 0.27 4.45 

2.96 0.22 3.71 

2.94 0.22 3.59 

2.92 0.22 3.63 

3.03 0.23 3.71 

2.59 0.20 3.16 

2.96 0.22 3.55 

2.91 0.22 3.68 

2.73 0.21 3.36 

3.50 0.25 3.97 

2.86 0.21 3.49 

3.22 0.24 3.80 

3.50 0.25 3.67 

3.21 0.24 3.63 

3.43 0.25 3.58 

3.34 0.24 3.78 

2.90 0.22 3.43 

3.09 0.23 3.69 

3.03 0.23 3.49 

2.59 0.20 3.00 

2.29 0.18 2.93 

3.88 0.28 3.88 

2.72 0.21 3.07 

3.23 0.24 4.33 

2.83 0.21 3.56 

2.87 0.21 3.35 

2.69 0.20 2.85 

2.55 0.20 3.02 

2.76 0.21 3.16 

2.74 0.21 2.75 

2.72 0.21 3.32 

2.52 0.19 2.67 

2.56 0.20 3.41 

2.68 0.20 3.00 

3.22 0.24 3.54 

1.92 0.16 2.49 

2.71 0.21 3.29 

3.06 0.23 3.71 

2.69 0.20 3.37 

3.01 0.22 3.67 

2.84 0.21 3.50 

3.07 0.23 3.68 

3.28 0.24 3.77 

3.04 0.23 3.85 

2.83 0.21 3.38 

3.00 0.22 3.62 

2.80 0.21 3.61 

3.00 0.22 3.85 

3.06 0.23 3.68 

2.61 0.20 3.20 

2.97 0.22 3.59 


0.18 1.28 0.08 

0.14 1.50 0.08 

0.14 1.98 0.10 

0.15 2.10 0.10 

0.15 2.04 0.10 

0.14 2.07 0.10 

0.14 2.08 0.10 

0.14 2.25 0.11 

0.15 2.03 0.10 

0.16 2.57 0.12 

0.14 1.07 0.07 

0.17 1.31 0.08 

0.15 2.09 0.10 

0.14 2.19 0.10 

0.14 2.36 0.11 

0.15 2.01 0.10 

0.13 2.18 0.10 

0.14 1.97 0.10 

0.15 2.10 0.10 

0.14 1.92 0.10 

0.15 2.62 0.12 

0.14 1.61 0.09 

0.15 1.58 0.09 

0.15 1.77 0.09 

0.14 1.86 0.09 

0.14 2.05 0.10 

0.15 1.86 0.09 

0.14 2.00 0.10 

0.15 1.93 0.10 

0.14 1.97 0.10 

0.13 2.00 0.10 

0.12 0.71 0.06 

0.15 1.51 0.08 

0.13 2.29 0.11 

0.17 0.99 0.07 

0.14 2.33 0.11 

0.14 2.03 0.10 

0.12 3.14 0.13 

0.13 1.68 0.09 

0.13 1.21 0.07 

0.12 3.69 0.15 

0.14 1.93 0.10 

0.12 3.30 0.14 

0.14 1.85 0.09 

0.13 2.17 0.10 

0.14 2.30 0.11 

0.11 1.49 0.08 

0.13 1.81 0.09 

0.15 1.85 0.09 

0.14 2.28 0.11 

0.15 2.11 0.10 

0.14 1.97 0.10 

0.15 1.92 0.10 

0.15 2.35 0.11 

0.15 2.08 0.10 

0.14 1.75 0.09 

0.14 1.96 0.10 

0.14 1.65 0.09 

0.15 2.49 0.11 

0.15 2.04 0.10 

0.13 2.04 0.10 

0.14 2.32 0.11 


2.71 0.12 0.31 

3.35 0.14 0.37 

2.72 0.12 0.30 

2.85 0.13 0.33 

2.72 0.12 0.42 

2.80 0.12 0.27 

2.70 0.12 0.34 

2.81 0.12 0.28 

2.94 0.13 0.34 

2.56 0.12 0.44 

2.15 0.10 0.13 

2.49 0.11 0.17 

2.82 0.12 0.30 

2.90 0.13 0.35 

2.90 0.13 0.35 

3.03 0.13 0.42 

2.84 0.13 0.34 

3.17 0.14 0.38 

2.97 0.13 0.30 

3.01 0.13 0.32 

2.95 0.13 0.39 

2.49 0.11 0.24 

3.08 0.13 0.26 

2.62 0.12 0.30 

2.80 0.12 0.30 

3.06 0.13 0.29 

2.91 0.13 0.29 

2.89 0.13 0.54 

2.68 0.12 0.29 

2.63 0.12 0.37 

2.88 0.13 0.31 

1.66 0.09 0.24 

3.14 0.13 0.31 

2.66 0.12 0.36 

2.05 0.10 0.24 

2.96 0.13 0.32 

2.82 0.12 0.35 

2.64 0.12 0.34 

2.52 0.12 0.35 

2.14 0.10 0.23 

2.57 0.12 0.36 

2.75 0.12 0.31 

2.83 0.13 0.44 

2.79 0.12 0.33 

2.80 0.12 0.38 

3.04 0.13 0.34 

1.78 0.09 0.31 

2.93 0.13 0.32 

2.67 0.12 0.34 

2.35 0.11 0.37 

2.85 0.13 0.34 

2.71 0.12 0.31 

3.12 0.13 0.54 

2.69 0.12 0.39 

2.79 0.12 0.36 

2.60 0.12 0.34 

2.71 0.12 0.35 

2.73 0.12 0.26 

2.88 0.13 0.36 

2.94 0.13 0.34 

2.88 0.13 0.36 

2.71 0.12 0.35 


0.06 0.49 0.07 

0.06 0.76 0.08 

0.06 0.55 0.07 

0.06 0.69 0.08 

0.06 0.67 0.08 

0.05 0.63 0.08 

0.06 0.57 0.08 

0.05 0.67 0.08 

0.06 0.66 0.08 

0.06 0.71 0.08 

0.05 0.48 0.07 

0.05 0.78 0.09 

0.06 0.68 0.08 

0.06 0.65 0.08 

0.06 0.67 0.08 

0.06 0.70 0.08 

0.06 0.61 0.08 

0.06 0.79 0.09 

0.06 0.65 0.08 

0.06 0.65 0.08 

0.06 0.85 0.09 

0.05 0.53 0.07 

0.05 0.60 0.08 

0.06 0.60 0.08 

0.06 0.50 0.07 

0.06 0.65 0.08 

0.06 0.56 0.07 

0.06 0.69 0.08 

0.06 0.65 0.08 

0.06 0.60 0.08 

0.06 0.65 0.08 

0.05 0.42 0.07 

0.06 0.57 0.07 

0.06 0.67 0.08 

0.05 0.50 0.07 

0.06 0.79 0.09 

0.06 0.70 0.08 

0.06 0.65 0.08 

0.06 0.56 0.07 

0.05 0.50 0.07 

0.06 0.63 0.08 

0.06 0.67 0.08 

0.06 0.62 0.08 

0.06 0.64 0.08 

0.06 0.62 0.08 

0.06 0.65 0.08 

0.06 0.49 0.07 

0.06 0.66 0.08 

0.06 0.62 0.08 

0.06 0.60 0.08 

0.06 0.68 0.08 

0.06 0.57 0.07 

0.06 0.94 0.09 

0.06 0.66 0.08 

0.06 0.66 0.08 

0.06 0.63 0.08 

0.06 0.66 0.08 

0.05 0.57 0.07 

0.06 0.75 0.08 

0.06 0.79 0.09 

0.06 0.62 0.08 

0.06 0.62 0.08 
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AG.D 71.00 

AG.D 75.10 

AG.D 73.78 

AG.D 85.42 

AG.D 73.21 

AG.D 75.15 

AG.D 80.32 

AG.D 77.37 

AG.D 74.44 

AG.D 75.02 

AG.D 74.36 

AG.D 73.40 

AG.D 74.28 

AG.D 79.07 

AG.D 78.49 

AG.D 75.66 

AG.D 73.09 

AG. D 73.58 

AH. E 73.39 

AH.E 74.63 

AH.E 76.43 

AH.E 73.18 

AH.E 74.47 

AH.E 76.84 

AH.E 73.76 

AH.E 73.07 

AH.E 73.94 

AH.E 74.03 

AH.E 73.96 

AH.E 72.48 

AH.E 74.77 

AH.E 73.37 

AH.E 73.87 

AH.E 75.63 

AH.E 74.33 

AH.E 77.90 

AH.E 73.11 

AH.E 74.76 

AH.E 75.80 

AH.E 75.69 

AH.E 78.03 

AH.E 77.24 

AH.E 72.23 

AH.E 77.22 

AH.E 74.24 

AH.E 73.13 

AH.E 77.81 

AH.E 73.52 

AH.E 76.26 

AH.E 72.70 

AH.E 78.43 

AH.E 74.77 

AH.E 74.28 

AH.E 76.11 

AH.E 76.98 

AH.E 77.81 

AH.E 75.69 

AH.E 74.27 

AH.E 75.80 

AH.E 74.17 

AH.E 75.59 

AH.E 75.75 


3.00 13.94 0.70 

3.17 13.99 0.70 

3.12 13.78 0.69 

3.60 9.13 0.47 

3.09 14.70 0.73 

3.17 13.88 0.69 

3.39 11.87 0.60 

3.26 13.87 0.69 

3.14 14.48 0.72 

3.17 13.84 0.69 

3.14 14.55 0.72 

3.10 13.58 0.68 

3.14 14.80 0.74 

3.34 12.60 0.63 

3.31 12.89 0.65 

3.19 13.83 0.69 

3.09 14.49 0.72 

3.11 13.62 0.68 

3.10 13.79 0.69 

3.15 15.11 0.75 

3.23 12.77 0.64 

3.09 14.52 0.72 

3.14 13.63 0.68 

3.24 13.47 0.67 

3.12 13.54 0.68 

3.09 13.83 0.69 

3.12 13.86 0.69 

3.13 14.64 0.73 

3.12 14.71 0.73 

3.06 13.84 0.69 

3.16 13.05 0.65 

3.10 14.00 0.70 

3.12 13.36 0.67 

3.19 14.36 0.72 

3.14 13.70 0.68 

3.29 11.56 0.59 

3.09 14.21 0.71 

3.16 12.42 0.63 

3.20 14.18 0.71 

3.20 14.19 0.71 

3.29 12.16 0.61 

3.26 13.72 0.69 

3.05 12.92 0.65 

3.26 12.81 0.64 

3.14 12.88 0.65 

3.09 14.08 0.70 

3.28 12.39 0.62 

3.11 15.16 0.75 

3.22 13.00 0.65 

3.07 13.96 0.70 

3.31 11.28 0.57 

3.16 13.19 0.66 

3.14 14.28 0.71 

3.21 13.77 0.69 

3.25 14.04 0.70 

3.28 13.10 0.66 

3.20 14.34 0.71 

3.14 13.23 0.66 

3.20 14.57 0.73 

3.13 13.82 0.69 

3.19 15.13 0.75 

3.20 14.98 0.74 


2.65 0.20 3.58 

2.80 0.21 3.38 

2.86 0.21 3.43 

2.16 0.17 3.26 

3.13 0.23 3.72 

3.31 0.24 3.89 

3.20 0.24 4.30 

2.87 0.21 3.46 

2.94 0.22 3.46 

2.67 0.20 3.46 

3.05 0.23 3.77 

3.12 0.23 3.99 

3.40 0.25 3.92 

3.73 0.27 4.54 

3.48 0.25 4.30 

3.13 0.23 3.65 

2.95 0.22 3.58 

3.09 0.23 3.72 

3.63 0.26 3.68 

3.38 0.25 3.48 

3.44 0.25 3.59 

3.62 0.26 3.71 

3.85 0.28 3.78 

3.51 0.25 3.60 

3.43 0.25 3.75 

3.66 0.26 3.81 

3.92 0.28 3.79 

3.46 0.25 3.70 

3.49 0.25 3.67 

3.58 0.26 3.79 

3.77 0.27 3.74 

3.54 0.26 3.64 

3.34 0.24 3.66 

3.54 0.26 3.78 

3.56 0.26 3.68 

3.94 0.28 3.88 

4.28 0.30 3.89 

3.80 0.27 4.01 

3.50 0.25 3.49 

3.82 0.27 3.63 

3.92 0.28 3.78 

3.53 0.26 3.81 

3.51 0.25 3.81 

3.61 0.26 3.99 

2.40 0.19 4.35 

3.41 0.25 3.52 

3.96 0.28 3.94 

3.91 0.28 3.87 

3.94 0.28 3.87 

3.53 0.26 3.75 

4.28 0.30 4.02 

3.97 0.28 3.81 

3.34 0.24 3.59 

3.21 0.24 3.67 

3.30 0.24 3.49 

3.36 0.25 3.53 

3.42 0.25 3.89 

3.24 0.24 3.58 

3.77 0.27 3.79 

3.31 0.24 3.69 

3.12 0.23 3.31 

3.45 0.25 3.59 


0.14 2.15 0.10 

0.14 1.90 0.10 

0.14 2.37 0.11 

0.13 0.94 0.07 

0.15 2.12 0.10 

0.15 1.99 0.10 

0.17 0.26 0.05 

0.14 1.81 0.09 

0.14 1.89 0.10 

0.14 2.11 0.10 

0.15 1.88 0.10 

0.16 2.03 0.10 

0.15 1.58 0.09 

0.17 0.34 0.05 

0.16 0.67 0.06 

0.15 2.49 0.11 

0.14 2.32 0.11 

0.15 2.08 0.10 

0.15 1.26 0.08 

0.14 1.91 0.10 

0.14 1.13 0.07 

0.15 1.37 0.08 

0.15 0.99 0.07 

0.14 1.07 0.07 

0.15 1.19 0.07 

0.15 1.06 0.07 

0.15 1.07 0.07 

0.15 1.38 0.08 

0.15 1.35 0.08 

0.15 1.27 0.08 

0.15 0.92 0.07 

0.14 1.32 0.08 

0.15 1.48 0.08 

0.15 1.34 0.08 

0.15 1.57 0.09 

0.15 0.73 0.06 

0.15 0.77 0.06 

0.16 0.63 0.06 

0.14 1.66 0.09 

0.14 1.77 0.09 

0.15 1.00 0.07 

0.15 1.24 0.08 

0.15 1.00 0.07 

0.16 0.77 0.06 

0.17 1.42 0.08 

0.14 1.64 0.09 

0.15 0.60 0.06 

0.15 1.16 0.07 

0.15 0.74 0.06 

0.15 1.22 0.08 

0.16 0.21 0.04 

0.15 0.81 0.06 

0.14 1.43 0.08 

0.15 1.57 0.09 

0.14 1.91 0.10 

0.14 1.41 0.08 

0.15 1.28 0.08 

0.14 1.23 0.08 

0.15 1.25 0.08 

0.15 1.54 0.08 

0.13 2.01 0.10 

0.14 1.57 0.09 


3.10 0.13 0.30 

2.64 0.12 0.33 

2.96 0.13 0.33 

2.01 0.10 0.24 

3.09 0.13 0.40 

2.88 0.13 0.36 

2.06 0.10 0.06 

2.61 0.12 0.32 

2.77 0.12 0.36 

2.66 0.12 0.29 

2.51 0.12 0.35 

2.89 0.13 0.28 

3.43 0.14 0.38 

2.18 0.11 0.03 

2.44 0.11 0.19 

2.83 0.12 0.34 

2.99 0.13 0.35 

2.96 0.13 0.29 

3.10 0.13 0.39 

3.05 0.13 0.43 

3.13 0.13 0.44 

3.02 0.13 0.43 

3.19 0.14 0.37 

2.91 0.13 0.37 

3.16 0.14 0.38 

3.16 0.14 0.33 

3.23 0.14 0.38 

3.19 0.14 0.44 

3.14 0.13 0.41 

2.94 0.13 0.42 

3.00 0.13 0.33 

3.08 0.13 0.43 

3.03 0.13 0.40 

2.75 0.12 0.33 

2.94 0.13 0.39 

2.86 0.13 0.30 

3.71 0.15 0.47 

3.09 0.13 0.24 

3.18 0.14 0.36 

2.80 0.12 0.34 

2.77 0.12 0.24 

2.95 0.13 0.32 

2.92 0.13 0.32 

3.38 0.14 0.32 

2.90 0.13 0.30 

3.29 0.14 0.43 

2.99 0.13 0.26 

3.05 0.13 0.42 

3.10 0.13 0.29 

3.20 0.14 0.39 

3.06 0.13 0.21 

2.98 0.13 0.29 

3.33 0.14 0.46 

2.98 0.13 0.38 

2.74 0.12 0.26 

2.80 0.12 0.35 

2.79 0.12 0.37 

3.15 0.13 0.47 

2.99 0.13 0.41 

3.00 0.13 0.37 

2.83 0.13 0.35 

2.99 0.13 0.45 


0.06 0.70 0.08 

0.06 0.61 0.08 

0.06 0.67 0.08 

0.05 0.54 0.07 

0.06 0.69 0.08 

0.06 0.65 0.08 

0.05 0.03 0.05 

0.06 0.58 0.08 

0.06 0.60 0.08 

0.06 0.61 0.08 

0.06 0.60 0.08 

0.05 0.66 0.08 

0.06 0.60 0.08 

0.05 0.12 0.05 

0.05 0.36 0.06 

0.06 0.70 0.08 

0.06 0.68 0.08 

0.06 0.69 0.08 

0.06 0.84 0.09 

0.06 0.82 0.09 

0.06 0.82 0.09 

0.06 0.85 0.09 

0.06 0.73 0.08 

0.06 0.84 0.09 

0.06 0.86 0.09 

0.06 0.83 0.09 

0.06 0.78 0.09 

0.06 0.94 0.09 

0.06 0.92 0.09 

0.06 0.78 0.09 

0.06 0.61 0.08 

0.06 0.90 0.09 

0.06 0.83 0.09 

0.06 0.78 0.09 

0.06 0.83 0.09 

0.06 0.40 0.07 

0.06 0.82 0.09 

0.05 0.46 0.07 

0.06 0.87 0.09 

0.06 0.57 0.07 

0.05 0.50 0.07 

0.06 0.71 0.08 

0.06 0.73 0.08 

0.06 0.56 0.07 

0.06 0.76 0.08 

0.06 1.00 0.10 

0.05 0.52 0.07 

0.06 0.94 0.09 

0.06 0.60 0.08 

0.06 0.89 0.09 

0.05 0.21 0.06 

0.06 0.72 0.08 

0.06 0.97 0.10 

0.06 0.93 0.09 

0.05 0.80 0.09 

0.06 0.87 0.09 

0.06 0.81 0.09 

0.06 0.88 0.09 

0.06 0.80 0.09 

0.06 0.78 0.09 

0.06 0.84 0.09 

0.06 1.03 0.10 
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AH.E 74.90 

AH.E 77.25 

AH.E 75.07 

AH.E 73.65 

AH.E 74.74 

AH.E 76.56 

AH.E 76.29 

AH.E 74.77 

AH.E 74.17 

AH.E 76.82 

AH.E 79.02 

CC 72.78 

CC 74.48 

CC 70.45 

CC 71.69 

CC 70.44 

CC 73.84 

CC 74.35 

CC 73.88 

CC 75.44 

CC 72.86 

CC 75.22 

CC 74.54 

CC 101.73 

CC 70.38 

CC 74.00 

CC 69.32 

CC 74.95 

CC 73.64 

CC 75.12 

CC 75.15 

CC 71.01 

CC 70.37 

CC 73.72 

CC 73.52 

CC 71.29 

CC 71.92 

CC 72.04 

CC 72.22 

CC 74.15 

CC 75.15 

CC 74.38 

CC 73.50 

CC 71.56 

CC 72.51 

CC 68.89 

CC 100.56 

CC 70.77 

CC 74.93 

CC 74.35 

CC 75.66 

CC 74.56 

CC 72.82 

CC 70.65 

CC 78.54 

CC 70.61 

CC 70.16 

CC 73.88 

CC 67.61 

CC 69.82 

CC 76.88 

CC 75.21 


3.16 13.63 0.68 

3.26 13.26 0.66 

3.17 13.01 0.65 

3.11 13.79 0.69 

3.16 14.54 0.72 

3.23 14.00 0.70 

3.22 13.81 0.69 

3.16 15.00 0.74 

3.13 14.32 0.71 

3.24 14.02 0.70 

3.33 11.44 0.58 

3.08 13.76 0.69 

3.15 13.18 0.66 

2.98 13.72 0.69 

3.03 12.80 0.64 

2.98 14.43 0.72 

3.12 13.24 0.66 

3.14 13.02 0.65 

3.12 13.27 0.66 

3.19 13.15 0.66 

3.08 12.94 0.65 

3.18 13.38 0.67 

3.15 13.85 0.69 

4.27 0.61 0.08 

2.98 12.98 0.65 

3.13 13.07 0.66 

2.93 14.52 0.72 

3.16 12.24 0.62 

3.11 13.12 0.66 

3.17 9.68 0.50 

3.17 14.18 0.71 

3.00 13.55 0.68 

2.98 14.18 0.71 

3.11 13.99 0.70 

3.11 12.44 0.63 

3.01 13.80 0.69 

3.04 13.30 0.67 

3.04 13.65 0.68 

3.05 13.47 0.67 

3.13 11.62 0.59 

3.17 12.46 0.63 

3.14 11.25 0.57 

3.10 15.09 0.75 

3.02 14.57 0.72 

3.06 12.96 0.65 

2.91 15.65 0.78 

4.23 0.60 0.08 

2.99 13.90 0.69 

3.16 12.02 0.61 

3.14 13.50 0.68 

3.19 13.16 0.66 

3.15 14.22 0.71 

3.08 14.38 0.72 

2.99 16.30 0.81 

3.31 12.20 0.62 

2.98 16.11 0.80 

2.97 15.58 0.77 

3.12 13.83 0.69 

2.86 18.64 0.91 

2.95 14.88 0.74 

3.24 12.54 0.63 

3.18 14.13 0.70 


3.60 0.26 3.84 

4.13 0.29 3.78 

4.07 0.29 4.03 

3.35 0.24 3.77 

3.40 0.25 3.97 

3.60 0.26 3.54 

3.40 0.25 3.64 

3.46 0.25 3.66 

3.94 0.28 3.79 

3.90 0.28 3.74 

4.43 0.31 4.00 

3.35 0.24 3.76 

3.46 0.25 3.65 

3.29 0.24 3.61 

3.60 0.26 3.80 

3.95 0.28 4.18 

3.41 0.25 3.77 

3.20 0.24 3.63 

3.24 0.24 3.60 

3.16 0.23 3.59 

3.80 0.27 4.03 

3.29 0.24 3.79 

3.59 0.26 3.86 

0.50 0.07 0.44 

3.51 0.25 4.18 

3.35 0.24 3.79 

4.05 0.29 4.08 

3.74 0.27 3.90 

3.88 0.28 4.23 

3.91 0.28 4.01 

3.42 0.25 3.69 

3.44 0.25 4.17 

3.54 0.26 3.99 

3.37 0.25 3.81 

3.32 0.24 4.05 

3.46 0.25 4.02 

3.61 0.26 4.14 

3.63 0.26 3.81 

3.94 0.28 4.17 

3.95 0.28 4.10 

3.36 0.25 3.86 

2.91 0.22 3.74 

3.63 0.26 3.91 

3.72 0.27 4.18 

3.53 0.26 4.12 

3.30 0.24 4.07 

0.40 0.06 0.27 

4.11 0.29 4.22 

3.23 0.24 4.09 

3.58 0.26 3.92 

2.90 0.22 3.37 

3.21 0.24 3.62 

3.54 0.26 3.86 

3.80 0.27 4.15 

3.26 0.24 4.19 

3.68 0.27 4.26 

3.60 0.26 4.14 

3.33 0.24 3.86 

4.37 0.31 4.14 

4.29 0.30 4.33 

3.74 0.27 4.26 

3.70 0.27 4.03 


0.15 0.99 0.07 

0.15 0.71 0.06 

0.16 0.74 0.06 

0.15 1.47 0.08 

0.15 1.14 0.07 

0.14 1.79 0.09 

0.14 1.74 0.09 

0.15 1.34 0.08 

0.15 1.15 0.07 

0.15 1.49 0.08 

0.16 0.21 0.04 

0.15 2.33 0.11 

0.15 2.62 0.12 

0.14 2.35 0.11 

0.15 2.66 0.12 

0.16 2.58 0.12 

0.15 2.72 0.12 

0.14 2.12 0.10 

0.14 2.38 0.11 

0.14 1.97 0.10 

0.16 2.40 0.11 

0.15 2.94 0.13 

0.15 2.54 0.12 

0.05 0.15 0.04 

0.16 2.07 0.10 

0.15 2.27 0.11 

0.16 2.65 0.12 

0.15 2.07 0.10 

0.16 1.25 0.08 

0.16 1.72 0.09 

0.15 2.81 0.12 

0.16 1.49 0.08 

0.16 2.99 0.13 

0.15 2.54 0.12 

0.16 1.76 0.09 

0.16 2.44 0.11 

0.16 1.78 0.09 

0.15 2.04 0.10 

0.16 1.93 0.10 

0.16 2.11 0.10 

0.15 2.67 0.12 

0.15 2.29 0.11 

0.15 1.74 0.09 

0.16 1.60 0.09 

0.16 2.33 0.11 

0.16 2.28 0.11 

0.04 0.03 0.04 

0.16 1.89 0.10 

0.16 2.41 0.11 

0.15 3.33 0.14 

0.14 2.74 0.12 

0.14 2.89 0.13 

0.15 2.30 0.11 

0.16 1.75 0.09 

0.16 0.63 0.06 

0.16 2.49 0.11 

0.16 2.52 0.11 

0.15 2.16 0.10 

0.16 2.52 0.11 

0.17 1.93 0.10 

0.16 2.39 0.11 

0.16 2.56 0.12 


3.01 0.13 0.36 

2.96 0.13 0.26 

3.02 0.13 0.28 

3.02 0.13 0.24 

2.65 0.12 0.39 

2.93 0.13 0.33 

3.00 0.13 0.39 

3.01 0.13 0.50 

3.12 0.13 0.31 

2.87 0.13 0.36 

3.21 0.14 0.28 

2.69 0.12 0.30 

2.78 0.12 0.29 

2.95 0.13 0.42 

2.83 0.13 0.30 

2.70 0.12 0.36 

2.71 0.12 0.26 

2.71 0.12 0.28 

2.72 0.12 0.27 

2.54 0.12 0.32 

2.79 0.12 0.34 

2.78 0.12 0.27 

2.81 0.12 0.31 

0.09 0.04 0.09 

2.78 0.12 0.37 

2.86 0.13 0.30 

3.43 0.14 0.53 

2.99 0.13 0.27 

2.39 0.11 0.14 

2.83 0.13 0.22 

2.64 0.12 0.33 

2.95 0.13 0.34 

3.05 0.13 0.38 

2.90 0.13 0.34 

3.57 0.15 0.63 

3.75 0.15 0.52 

3.42 0.14 0.38 

2.82 0.12 0.29 

3.01 0.13 0.29 

2.51 0.12 0.26 

2.96 0.13 0.27 

2.72 0.12 0.26 

3.13 0.13 0.37 

3.34 0.14 0.34 

3.01 0.13 0.28 

3.40 0.14 0.56 

0.15 0.04 0.03 

2.75 0.12 0.25 

3.02 0.13 0.29 

2.91 0.13 0.39 

2.72 0.12 0.24 

2.82 0.12 0.30 

3.14 0.13 0.41 

3.16 0.14 0.38 

2.56 0.12 0.13 

3.29 0.14 0.44 

3.16 0.14 0.35 

2.52 0.12 0.28 

2.89 0.13 0.35 

3.04 0.13 0.34 

2.54 0.12 0.27 

2.66 0.12 0.31 


0.06 0.83 0.09 

0.05 0.56 0.07 

0.05 0.56 0.07 

0.05 0.77 0.09 

0.06 0.86 0.09 

0.06 0.78 0.09 

0.06 0.79 0.09 

0.06 0.87 0.09 

0.06 0.81 0.09 

0.06 0.70 0.08 

0.05 0.27 0.06 

0.06 0.56 0.07 

0.06 0.66 0.08 

0.06 0.68 0.08 

0.06 0.59 0.08 

0.06 0.63 0.08 

0.05 0.60 0.08 

0.05 0.47 0.07 

0.05 0.54 0.07 

0.06 0.51 0.07 

0.06 0.62 0.08 

0.05 0.66 0.08 

0.06 0.62 0.08 

0.05 0.03 0.05 

0.06 0.55 0.07 

0.06 0.59 0.08 

0.06 0.75 0.08 

0.05 0.58 0.08 

0.05 0.45 0.07 

0.05 0.52 0.07 

0.06 0.56 0.07 

0.06 0.62 0.08 

0.06 0.73 0.08 

0.06 0.68 0.08 

0.07 0.70 0.08 

0.06 0.82 0.09 

0.06 0.73 0.08 

0.06 0.52 0.07 

0.06 0.66 0.08 

0.05 0.49 0.07 

0.05 0.53 0.07 

0.05 0.49 0.07 

0.06 0.75 0.08 

0.06 0.72 0.08 

0.06 0.61 0.08 

0.06 0.83 0.09 

0.05 0.03 0.05 

0.05 0.52 0.07 

0.06 0.59 0.08 

0.06 0.64 0.08 

0.05 0.51 0.07 

0.06 0.59 0.08 

0.06 0.78 0.09 

0.06 0.95 0.09 

0.05 0.29 0.06 

0.06 0.90 0.09 

0.06 0.77 0.09 

0.06 0.53 0.07 

0.06 0.83 0.09 

0.06 0.78 0.09 

0.05 0.53 0.07 

0.06 0.52 0.07 
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CC 72.07 3.05 14.33 0.71 3.37 0.25 3.96 

CC 73.14 3.09 13.77 0.69 3.40 0.25 4.06 

CC 70.07 2.96 16.04 0.79 3.64 0.26 4.27 

CC 71.12 3.01 14.40 0.72 3.57 0.26 4.19 

CC 71.29 3.01 13.58 0.68 3.38 0.25 4.06 

CC 73.27 3.10 14.53 0.72 3.23 0.24 3.70 

CC 72.31 3.06 14.24 0.71 3.24 0.24 3.74 

CC 73.58 3.11 13.99 0.70 3.56 0.26 3.85 

CC 72.26 3.05 14.49 0.72 3.39 0.25 3.52 

CC 74.85 3.16 14.00 0.70 3.59 0.26 3.86 

CC 75.73 3.20 13.25 0.66 3.27 0.24 3.78 

CC 73.41 3.10 13.53 0.68 3.34 0.24 3.90 

CC 72.99 3.08 13.25 0.66 3.38 0.25 3.96 

CC 72.42 3.06 14.04 0.70 2.66 0.20 4.06 

CC 70.91 3.00 14.74 0.73 2.55 0.20 4.16 

CC 69.78 2.95 15.11 0.75 3.68 0.26 4.28 

CC 74.67 3.15 13.76 0.69 3.16 0.23 3.79 

CC 71.91 3.04 14.55 0.72 3.42 0.25 3.79 

CC 74.58 3.15 12.69 0.64 3.67 0.26 4.06 

CC 72.56 3.07 12.44 0.63 3.28 0.24 3.85 

CC 72.04 3.04 14.91 0.74 3.40 0.25 3.88 

CC 73.37 3.10 12.37 0.62 3.10 0.23 4.02 

CC 72.37 3.06 11.61 0.59 2.96 0.22 4.14 

CC 71.95 3.04 15.12 0.75 3.54 0.26 4.22 

CC 72.22 3.05 14.75 0.73 2.54 0.19 4.01 

CC 71.30 3.01 15.75 0.78 2.69 0.20 4.27 

CC 68.67 2.90 16.47 0.81 3.86 0.28 4.06 

CC 75.10 3.17 13.58 0.68 3.31 0.24 3.82 

CC 80.50 3.39 9.72 0.50 2.89 0.22 3.34 

CC 73.08 3.09 13.97 0.70 3.76 0.27 3.92 

CC 72.64 3.07 13.99 0.70 3.50 0.25 4.13 

CC 84.08 3.54 9.68 0.50 2.56 0.20 3.42 

CC 70.07 2.96 13.81 0.69 3.31 0.24 4.14 

CC 72.42 3.06 15.78 0.78 3.73 0.27 4.05 

CC 73.94 3.12 12.89 0.65 3.08 0.23 3.83 

CC 72.06 3.05 15.41 0.76 3.60 0.26 3.83 

CC 77.63 3.28 11.09 0.56 3.06 0.23 3.83 

CC 73.42 3.10 12.88 0.65 3.31 0.24 4.07 

CC 65.91 2.79 16.68 0.82 3.87 0.28 4.03 

CC 73.15 3.09 13.96 0.70 3.75 0.27 4.35 

CC 70.44 2.98 16.34 0.81 3.81 0.27 4.06 

CC 70.34 2.97 12.97 0.65 3.18 0.23 4.03 

CC 72.55 3.07 13.39 0.67 3.35 0.24 3.95 

CC 74.75 3.16 13.76 0.69 3.32 0.24 3.86 

CC 73.97 3.12 13.93 0.70 3.46 0.25 3.76 

CC 73.82 3.12 13.84 0.69 3.70 0.27 4.02 

CD 72.75 3.07 15.20 0.75 2.90 0.22 3.45 

CD 72.18 3.05 15.56 0.77 2.80 0.21 3.22 

CD 75.92 3.20 13.27 0.66 3.15 0.23 3.80 

CD 73.10 3.09 14.06 0.70 3.28 0.24 3.83 

CD 69.45 2.94 16.30 0.80 3.28 0.24 3.53 

CD 71.65 3.03 13.65 0.68 3.12 0.23 4.27 

CD 72.80 3.08 12.92 0.65 3.06 0.23 3.95 

CD 73.40 3.10 15.05 0.75 3.46 0.25 3.91 

CD 70.55 2.98 17.47 0.86 2.84 0.21 3.09 

CD 67.62 2.86 17.57 0.86 2.34 0.18 2.71 

CD 73.75 3.12 14.21 0.71 3.07 0.23 3.48 

CD 84.26 3.55 11.51 0.58 3.12 0.23 4.10 

CD 71.34 3.02 14.37 0.72 3.41 0.25 4.07 

CD 70.71 2.99 14.29 0.71 3.36 0.25 3.89 

CD 73.89 3.12 14.29 0.71 2.85 0.21 3.39 

CD 75.02 3.17 14.12 0.70 2.61 0.20 3.13 


0.15 1.61 0.09 3.14 0.13 0.43 0.06 0.71 0.08 

0.16 1.78 0.09 3.20 0.14 0.30 0.06 0.70 0.08 

0.16 2.06 0.10 3.37 0.14 0.56 0.06 0.95 0.09 

0.16 1.93 0.10 3.27 0.14 0.45 0.06 0.85 0.09 

0.16 2.07 0.10 3.06 0.13 0.39 0.06 0.71 0.08 

0.15 2.50 0.11 3.04 0.13 0.34 0.06 0.69 0.08 

0.15 2.72 0.12 2.97 0.13 0.36 0.06 0.63 0.08 

0.15 2.40 0.11 2.76 0.12 0.26 0.05 0.57 0.07 

0.14 2.49 0.11 2.56 0.12 0.26 0.05 0.60 0.08 

0.15 2.67 0.12 2.74 0.12 0.18 0.05 0.57 0.07 

0.15 2.38 0.11 2.78 0.12 0.33 0.06 0.62 0.08 

0.15 2.00 0.10 3.02 0.13 0.41 0.06 0.71 0.08 

0.15 2.92 0.13 3.04 0.13 0.22 0.05 0.68 0.08 

0.16 2.40 0.11 3.11 0.13 0.32 0.06 0.78 0.09 

0.16 2.04 0.10 3.56 0.15 0.41 0.06 0.82 0.09 

0.16 1.87 0.09 3.65 0.15 0.41 0.06 0.79 0.09 

0.15 2.54 0.12 2.55 0.12 0.27 0.05 0.49 0.07 

0.15 2.42 0.11 2.93 0.13 0.39 0.06 0.68 0.08 

0.16 1.35 0.08 2.81 0.12 0.25 0.05 0.58 0.08 

0.15 1.33 0.08 2.97 0.13 0.26 0.05 0.60 0.08 

0.15 1.78 0.09 3.23 0.14 0.47 0.06 0.83 0.09 

0.16 1.95 0.10 3.20 0.14 0.34 0.06 0.66 0.08 

0.16 1.89 0.10 2.73 0.12 0.27 0.05 0.54 0.07 

0.16 2.24 0.11 3.27 0.14 0.31 0.06 0.80 0.09 

0.16 2.14 0.10 3.11 0.13 0.41 0.06 0.77 0.09 

0.16 1.61 0.09 3.75 0.15 0.44 0.06 0.64 0.08 

0.16 2.82 0.12 3.60 0.15 0.59 0.06 1.09 0.10 

0.15 2.57 0.12 2.64 0.12 0.28 0.05 0.64 0.08 

0.14 1.70 0.09 2.18 0.10 0.25 0.05 0.50 0.07 

0.15 2.10 0.10 2.74 0.12 0.32 0.06 0.64 0.08 

0.16 2.25 0.11 2.89 0.13 0.44 0.06 0.65 0.08 

0.14 0.93 0.07 1.80 0.09 0.27 0.05 0.41 0.07 

0.16 1.93 0.10 3.59 0.15 0.51 0.06 0.77 0.09 

0.16 1.77 0.09 3.51 0.15 0.46 0.06 0.87 0.09 

0.15 2.00 0.10 2.77 0.12 0.33 0.06 0.57 0.07 

0.15 2.39 0.11 3.26 0.14 0.45 0.06 0.87 0.09 

0.15 1.13 0.07 2.77 0.12 0.32 0.06 0.50 0.07 

0.16 1.80 0.09 2.80 0.12 0.36 0.06 0.59 0.08 

0.16 2.08 0.10 3.54 0.15 0.62 0.07 0.98 0.10 

0.17 2.42 0.11 3.04 0.13 0.38 0.06 0.69 0.08 

0.16 1.92 0.10 3.44 0.14 0.40 0.06 0.93 0.09 

0.16 1.74 0.09 3.09 0.13 0.39 0.06 0.73 0.08 

0.15 1.57 0.09 3.74 0.15 0.43 0.06 0.73 0.08 

0.15 1.78 0.09 2.93 0.13 0.34 0.06 0.66 0.08 

0.15 2.26 0.11 2.96 0.13 0.34 0.06 0.66 0.08 

0.16 2.08 0.10 2.97 0.13 0.42 0.06 0.69 0.08 

0.14 1.63 0.09 2.64 0.12 0.36 0.06 0.64 0.08 

0.13 2.00 0.10 2.99 0.13 0.34 0.06 0.72 0.08 

0.15 1.51 0.08 2.72 0.12 0.24 0.05 0.66 0.08 

0.15 1.41 0.08 3.12 0.13 0.40 0.06 0.81 0.09 

0.14 2.68 0.12 3.15 0.13 0.37 0.06 0.74 0.08 

0.16 2.07 0.10 3.06 0.13 0.40 0.06 0.63 0.08 

0.15 1.61 0.09 2.52 0.12 0.34 0.06 0.59 0.08 

0.15 1.53 0.08 3.31 0.14 0.37 0.06 0.82 0.09 

0.13 2.33 0.11 2.85 0.13 0.35 0.06 0.71 0.08 

0.12 2.88 0.13 3.19 0.14 0.37 0.06 0.74 0.08 

0.14 1.78 0.09 3.12 0.13 0.39 0.06 0.68 0.08 

0.16 0.22 0.05 0.47 0.05 0.07 0.05 0.03 0.05 

0.16 2.07 0.10 3.20 0.14 0.48 0.06 0.72 0.08 

0.15 1.83 0.09 3.09 0.13 0.41 0.06 0.78 0.09 

0.14 2.00 0.10 3.00 0.13 0.37 0.06 0.69 0.08 

0.13 2.00 0.10 3.00 0.13 0.31 


0.06 































APPENDIX B. EDS HOST ANALYSES 


345 


CD 74.72 

CD 73.81 

CD 74.12 

CD 72.44 

CD 76.78 

CD 71.89 

CD 74.95 

CD 72.34 

CD 72.80 

CD 74.23 

CD 69.93 

CD 69.00 

CD 75.26 

CD 71.33 

CD 71.24 

CD 71.32 

CD 76.26 

CD 73.21 

CD 74.94 

CD 75.01 

CD 76.31 

CD 76.63 

CD 74.03 

CD 74.59 

CD 73.66 

CD 72.58 

CD 74.73 

CD 76.17 

CD 74.41 

CD 72.33 

CD 76.12 

CD 72.27 

CD 70.62 

CD 73.47 

CD 71.77 

CD 75.00 

CD 72.90 

CD 72.89 

CD 72.44 

CD 73.55 

CD 68.38 

CD 71.57 

CD 76.21 

CD 76.88 

CD 76.11 

CD 73.29 

CD 71.61 

CD 75.13 

CD 73.46 

CD 73.01 

CD 73.63 

CD 73.76 

CD 72.69 

CD 73.61 

CD 72.57 

CD 72.59 

CD 74.42 

CD 72.93 

CD 71.18 

CD 70.75 

CD 67.65 

CD 68.45 


3.16 11.60 0.59 

3.12 13.05 0.65 

3.13 14.52 0.72 

3.06 14.29 0.71 

3.24 11.63 0.59 

3.04 15.03 0.75 

3.16 13.54 0.68 

3.06 13.05 0.65 

3.08 13.61 0.68 

3.13 13.83 0.69 

2.96 16.62 0.82 

2.92 15.89 0.79 

3.18 13.28 0.67 

3.01 13.80 0.69 

3.01 15.41 0.76 

3.01 14.18 0.71 

3.22 13.69 0.68 

3.09 14.35 0.71 

3.16 14.13 0.70 

3.17 15.12 0.75 

3.22 14.20 0.71 

3.23 11.46 0.58 

3.13 13.78 0.69 

3.15 14.38 0.72 

3.11 14.31 0.71 

3.07 14.15 0.71 

3.16 14.61 0.73 

3.22 13.07 0.66 

3.14 12.99 0.65 

3.06 14.02 0.70 

3.21 11.69 0.59 

3.05 14.40 0.72 

2.99 15.52 0.77 

3.10 12.87 0.65 

3.03 15.75 0.78 

3.17 14.10 0.70 

3.08 14.32 0.71 

3.08 13.24 0.66 

3.06 15.11 0.75 

3.11 14.58 0.73 

2.89 14.77 0.73 

3.02 14.71 0.73 

3.22 13.87 0.69 

3.24 12.25 0.62 

3.21 14.39 0.72 

3.10 13.32 0.67 

3.03 14.00 0.70 

3.17 12.32 0.62 

3.10 15.45 0.77 

3.08 15.29 0.76 

3.11 14.44 0.72 

3.12 14.79 0.74 

3.07 16.21 0.80 

3.11 15.21 0.75 

3.07 14.36 0.72 

3.07 13.88 0.69 

3.14 14.45 0.72 

3.08 14.66 0.73 

3.01 14.19 0.71 

2.99 14.91 0.74 

2.86 17.56 0.86 

2.90 16.33 0.81 


2.64 0.20 3.54 

3.21 0.24 3.80 

3.40 0.25 4.14 

3.17 0.23 3.99 

2.72 0.21 3.70 

3.52 0.26 4.22 

2.88 0.22 3.68 

3.08 0.23 3.92 

2.97 0.22 3.69 

3.00 0.22 3.47 

3.80 0.27 4.59 

3.59 0.26 4.29 

3.40 0.25 4.43 

3.03 0.23 4.02 

3.10 0.23 3.99 

3.56 0.26 4.18 

3.15 0.23 3.88 

3.28 0.24 3.87 

2.81 0.21 3.26 

3.35 0.24 3.89 

2.93 0.22 3.61 

3.14 0.23 4.11 

2.76 0.21 3.48 

2.97 0.22 3.52 

2.84 0.21 3.50 

3.28 0.24 4.02 

3.22 0.24 3.63 

2.81 0.21 3.42 

3.16 0.23 3.76 

3.30 0.24 3.84 

3.22 0.24 3.77 

3.64 0.26 4.15 

2.40 0.19 2.98 

2.65 0.20 3.46 

3.56 0.26 3.83 

3.16 0.23 4.01 

3.33 0.24 4.13 

3.56 0.26 4.32 

3.44 0.25 3.94 

3.41 0.25 3.94 

3.93 0.28 4.41 

3.44 0.25 4.05 

3.26 0.24 3.89 

3.67 0.26 4.28 

3.11 0.23 3.64 

3.91 0.28 4.40 

3.86 0.28 4.28 

2.90 0.22 3.58 

3.45 0.25 3.83 

3.47 0.25 4.00 

3.32 0.24 4.02 

2.99 0.22 3.68 

3.02 0.22 3.39 

3.53 0.26 4.13 

3.26 0.24 3.91 

3.12 0.23 3.74 

3.06 0.23 3.53 

2.89 0.22 3.38 

3.17 0.23 3.71 

3.27 0.24 3.95 

3.26 0.24 3.37 

3.16 0.23 3.55 


0.14 1.19 0.07 

0.15 1.94 0.10 

0.16 1.29 0.08 

0.16 1.54 0.08 

0.15 1.25 0.08 

0.16 2.12 0.10 

0.15 1.56 0.09 

0.15 1.17 0.07 

0.15 1.41 0.08 

0.14 1.36 0.08 

0.17 1.76 0.09 

0.16 1.84 0.09 

0.17 1.84 0.09 

0.16 1.71 0.09 

0.16 2.00 0.10 

0.16 1.27 0.08 

0.15 1.34 0.08 

0.15 1.72 0.09 

0.13 1.98 0.10 

0.15 1.56 0.09 

0.14 1.38 0.08 

0.16 0.57 0.06 

0.14 1.81 0.09 

0.14 1.88 0.10 

0.14 1.69 0.09 

0.16 1.82 0.09 

0.14 2.00 0.10 

0.14 1.65 0.09 

0.15 1.54 0.08 

0.15 1.56 0.09 

0.15 1.66 0.09 

0.16 2.41 0.11 

0.12 2.20 0.10 

0.14 1.83 0.09 

0.15 1.85 0.09 

0.16 1.46 0.08 

0.16 2.00 0.10 

0.17 1.47 0.08 

0.15 1.70 0.09 

0.15 1.40 0.08 

0.17 2.87 0.13 

0.16 1.42 0.08 

0.15 1.35 0.08 

0.16 2.18 0.10 

0.14 1.61 0.09 

0.17 1.49 0.08 

0.16 1.99 0.10 

0.14 1.42 0.08 

0.15 2.25 0.11 

0.16 1.87 0.09 

0.16 1.68 0.09 

0.15 1.65 0.09 

0.14 1.93 0.10 

0.16 1.91 0.10 

0.15 2.25 O.il 

0.15 1.85 0.09 

0.14 2.00 0.10 

0.14 2.08 0.10 

0.15 2.06 0.10 

0.15 1.56 0.09 

0.14 2.14 0.10 

0.14 1.94 0.10 


2.68 0.12 0.30 

2.82 0.12 0.31 

2.65 0.12 0.24 

3.05 0.13 0.48 

2.51 0.12 0.21 

2.87 0.13 0.20 

2.92 0.13 0.28 

2.74 0.12 0.35 

2.98 0.13 0.37 

3.00 0.13 0.34 

2.69 0.12 0.30 

3.45 0.14 0.45 

2.84 0.13 0.35 

3.42 0.14 0.60 

2.68 0.12 0.44 

3.55 0.15 0.34 

2.89 0.13 0.33 

3.46 0.14 0.37 

2.91 0.13 0.32 

3.20 0.14 0.42 

2.88 0.13 0.35 

2.68 0.12 0.20 

2.76 0.12 0.36 

3.05 0.13 0.44 

3.13 0.13 0.44 

3.28 0.14 0.44 

2.96 0.13 0.34 

3.08 0.13 0.31 

2.79 0.12 0.31 

3.03 0.13 0.41 

2.63 0.12 0.24 

2.90 0.13 0.52 

2.93 0.13 0.40 

2.81 0.12 0.41 

2.92 0.13 0.30 

2.64 0.12 0.38 

2.97 0.13 0.29 

2.55 0.12 0.34 

3.16 0.14 0.32 

3.18 0.14 0.33 

3.44 0.14 0.68 

3.00 0.13 0.35 

2.67 0.12 0.35 

3.31 0.14 0.37 

2.62 0.12 0.33 

2.51 0.12 0.28 

2.84 0.13 0.37 

2.73 0.12 0.45 

3.37 0.14 0.42 

3.43 0.14 0.38 

3.04 0.13 0.40 

3.11 0.13 0.60 

2.85 0.13 0.41 

3.01 0.13 0.35 

3.08 0.13 0.29 

2.85 0.13 0.41 

2.72 0.12 0.34 

2.85 0.13 0.36 

2.75 0.12 0.33 

3.46 0.14 0.39 

3.09 0.13 0.56 

3.02 0.13 0.48 


0.06 0.56 0.07 

0.06 0.67 0.08 

0.05 0.58 0.08 

0.06 0.82 0.09 

0.05 0.49 0.07 

0.05 0.70 0.08 

0.05 0.53 0.07 

0.06 0.64 0.08 

0.06 0.68 0.08 

0.06 0.74 0.08 

0.06 0.55 0.07 

0.06 0.80 0.09 

0.06 0.70 0.08 

0.07 0.62 0.08 

0.06 0.61 0.08 

0.06 0.55 0.07 

0.06 0.70 0.08 

0.06 0.84 0.09 

0.06 0.70 0.08 

0.06 0.83 0.09 

0.06 0.65 0.08 

0.05 0.31 0.06 

0.06 0.63 0.08 

0.06 0.76 0.08 

0.06 0.66 0.08 

0.06 0.93 0.09 

0.06 0.71 0.08 

0.06 0.71 0.08 

0.06 0.61 0.08 

0.06 0.76 0.09 

0.05 0.50 0.07 

0.06 0.80 0.09 

0.06 0.57 0.08 

0.06 0.68 0.08 

0.06 0.91 0.09 

0.06 0.67 0.08 

0.06 0.77 0.09 

0.06 0.51 0.07 

0.06 0.82 0.09 

0.06 0.80 0.09 

0.07 1.08 0.10 

0.06 0.77 0.09 

0.06 0.67 0.08 

0.06 0.78 0.09 

0.06 0.66 0.08 

0.05 0.59 0.08 

0.06 0.68 0.08 

0.06 0.71 0.08 

0.06 0.89 0.09 

0.06 0.81 0.09 

0.06 0.88 0.09 

0.07 0.84 0.09 

0.06 0.68 0.08 

0.06 0.71 0.08 

0.06 0.79 0.09 

0.06 0.64 0.08 

0.06 0.65 0.08 

0.06 0.67 0.08 

0.06 0.62 0.08 

0.06 0.75 0.08 

0.06 0.77 0.09 

0.06 0.75 0.08 
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CD 72.00 

FLD10 69.57 
FLD10 80.72 
FLD10 88.74 
FLD10 69.80 
FLD10 72.72 
FLD10 73.00 
FLD10 73.36 
FLD10 73.32 
FLD10 67.22 
FLD10 69.44 
FLD10 71.37 
FLD10 71.15 
FLD10 73.54 
FLD10 72.07 
FLD10 73.56 
FLD10 70.24 
FLD10 73.12 
FLD10 73.32 
FLD10 71.94 
FLD10 71.32 
FLD10 71.85 
FLD10 71.96 
FLD10 70.88 
FLD10 73.14 
FLD10 70.19 
FLD10 73.73 
FLD10 73.56 
FLD10 71.57 
FLD10 90.97 
FLD10 72.18 
FLD10 75.57 
FLD10 72.28 
FLD10 71.78 
FLD10 72.39 
FLD10 71.50 
FLD10 75.87 
FLD10 92.21 
FLD10 71.92 
FLD10 76.45 
FLD10 72.93 
FLD10 71.54 
FLD10 75.95 
FLD10 72.60 
FLD10 65.15 
FLD10 67.25 
FLD10 71.11 
FLD10 71.63 
FLD10 72.56 
FLD10 72.98 
FLD10 73.47 
FLD10 63.37 
FLD10 64.06 
FLD10 74.78 
FLD10 72.97 
FLD10 73.10 
FLD10 78.29 
FLD10 72.01 
FLD10 72.99 
FLD10 72.69 
FLD10 64.14 
FLD10 69.90 


3.04 16.12 0.80 

2.94 13.52 0.68 

3.40 9.35 0.48 

3.74 7.33 0.39 

2.95 13.09 0.66 

3.07 11.76 0.60 

3.08 12.98 0.65 

3.10 13.51 0.68 

3.10 13.01 0.65 

2.84 16.88 0.83 

2.94 14.71 0.73 

3.02 12.52 0.63 

3.01 12.57 0.63 

3.11 13.30 0.67 

3.05 13.06 0.66 

3.11 12.23 0.62 

2.97 14.62 0.73 

3.09 12.84 0.64 

3.10 13.11 0.66 

3.04 12.53 0.63 

3.01 12.65 0.64 

3.04 12.79 0.64 

3.04 12.79 0.64 

3.00 13.68 0.68 

3.09 12.93 0.65 

2.97 13.24 0.66 

3.11 12.50 0.63 

3.11 13.03 0.65 

3.02 12.69 0.64 

3.83 3.97 0.23 

3.05 12.23 0.62 

3.19 13.22 0.66 

3.05 13.25 0.66 

3.03 15.62 0.77 

3.06 15.63 0.77 

3.02 13.73 0.69 

3.20 12.81 0.64 

3.88 3.70 0.22 

3.04 14.00 0.70 

3.23 12.11 0.61 

3.08 13.30 0.67 

3.02 14.47 0.72 

3.21 13.05 0.65 

3.07 14.54 0.72 

2.76 14.04 0.70 

2.85 13.16 0.66 

3.01 14.11 0.70 

3.03 14.32 0.71 

3.07 12.31 0.62 

3.08 13.22 0.66 

3.10 14.25 0.71 

2.69 20.76 1.01 

2.71 18.31 0.90 

3.16 12.47 0.63 

3.08 15.04 0.75 

3.09 12.58 0.63 

3.30 11.91 0.60 

3.04 14.49 0.72 

3.08 13.13 0.66 

3.07 12.40 0.62 

2.72 18.91 0.93 

2.96 16.54 0.82 


3.37 0.25 4.08 

3.58 0.26 4.17 

2.34 0.18 3.07 

1.81 0.15 2.51 

3.21 0.24 3.87 

3.22 0.24 3.94 

2.93 0.22 3.32 

3.19 0.23 3.51 

3.39 0.25 3.82 

4.45 0.31 4.28 

3.88 0.28 4.34 

3.00 0.22 3.47 

3.14 0.23 3.58 

3.09 0.23 3.37 

3.23 0.24 3.51 

3.47 0.25 3.74 

3.91 0.28 3.67 

3.17 0.23 3.56 

3.13 0.23 3.69 

3.23 0.24 3.57 

3.17 0.23 3.48 

3.13 0.23 3.64 

3.42 0.25 4.60 

3.02 0.22 3.27 

3.22 0.24 3.55 

3.12 0.23 3.80 

3.10 0.23 3.41 

3.02 0.22 3.29 

3.05 0.23 3.49 

1.04 0.10 1.34 

3.07 0.23 3.51 

3.33 0.24 3.66 

3.01 0.22 3.73 

3.48 0.25 4.17 

2.50 0.19 2.72 

3.10 0.23 3.56 

3.02 0.22 4.69 

1.16 0.11 1.37 

3.22 0.24 3.84 

3.23 0.24 3.55 

3.00 0.22 3.79 

2.76 0.21 3.33 

2.79 0.21 3.35 

2.58 0.20 2.75 

3.84 0.28 4.43 

3.52 0.26 4.62 

3.43 0.25 3.97 

2.55 0.20 3.06 

2.78 0.21 3.47 

2.25 0.18 2.90 

2.62 0.20 2.88 

4.69 0.33 4.54 

4.21 0.30 4.64 

2.80 0.21 3.34 

3.08 0.23 3.41 

3.11 0.23 3.72 

2.89 0.22 4.05 

3.75 0.27 4.76 

2.80 0.21 3.55 

3.52 0.26 4.31 

4.46 0.31 4.71 

3.95 0.28 4.85 


0.16 1.77 0.09 

0.16 1.78 0.09 

0.13 1.36 0.08 

0.11 0.24 0.05 

0.15 2.66 0.12 

0.15 1.87 0.09 

0.14 2.87 0.13 

0.14 1.65 0.09 

0.15 1.69 0.09 

0.16 2.31 0.11 

0.17 1.76 0.09 

0.14 2.84 0.12 

0.14 2.70 0.12 

0.14 2.18 0.10 

0.14 2.41 0.11 

0.15 2.14 0.10 

0.15 1.25 0.08 

0.14 2.08 0.10 

0.15 2.23 0.11 

0.14 2.78 0.12 

0.14 3.00 0.13 

0.14 2.70 0.12 

0.17 0.98 0.07 

0.13 3.09 0.13 

0.14 2.19 0.10 

0.15 1.99 0.10 

0.14 2.57 0.12 

0.13 2.68 0.12 

0.14 2.67 0.12 

0.07 0.07 0.04 

0.14 2.98 0.13 

0.15 1.76 0.09 

0.15 2.45 0.11 

0.16 1.77 0.09 

0.12 3.14 0.13 

0.14 2.41 0.11 

0.18 0.74 0.06 

0.08 0.55 0.05 

0.15 2.50 0.11 

0.14 1.47 0.08 

0.15 2.47 0.11 

0.14 2.71 0.12 

0.14 1.95 0.10 

0.12 3.54 0.15 

0.17 1.79 0.09 

0.17 3.11 0.13 

0.15 2.60 0.12 

0.13 1.95 0.10 

0.14 3.06 0.13 

0.12 3.01 0.13 

0.12 3.55 0.15 

0.17 2.18 0.10 

0.18 2.57 0.12 

0.14 2.50 0.11 

0.14 2.67 0.12 

0.15 3.33 0.14 

0.16 1.17 0.07 

0.18 1.76 0.09 

0.14 2.80 0.12 

0.17 1.15 0.07 

0.18 1.10 0.07 

0.18 1.51 0.08 


2.86 0.13 0.34 

3.06 0.13 0.50 

2.23 0.11 0.18 

1.27 0.08 0.09 

2.70 0.12 0.32 

2.28 0.11 0.33 

2.43 0.11 0.30 

2.64 0.12 0.30 

2.75 0.12 0.36 

2.06 0.10 0.14 

2.87 0.13 0.32 

2.62 0.12 0.26 

2.74 0.12 0.34 

2.55 0.12 0.34 

2.71 0.12 0.29 

2.60 0.12 0.22 

2.35 0.11 0.47 

2.84 0.13 0.30 

2.83 0.13 0.32 

2.48 0.11 0.28 

2.64 0.12 0.18 

2.63 0.12 0.27 

4.83 0.19 0.31 

2.52 0.12 0.29 

2.62 0.12 0.28 

2.88 0.13 0.35 

2.65 0.12 0.31 

2.46 0.11 0.36 

2.61 0.12 0.32 

1.14 0.07 0.03 

2.52 0.12 0.19 

2.76 0.12 0.29 

2.82 0.12 0.32 

2.55 0.12 0.25 

2.97 0.13 0.30 

2.66 0.12 0.34 

0.99 0.07 0.12 

0.97 0.07 0.20 

2.36 0.11 0.27 

2.52 0.12 0.14 

2.65 0.12 0.30 

2.71 0.12 0.31 

2.92 0.13 0.29 

2.74 0.12 0.39 

8.45 0.30 1.47 

2.57 0.12 3.23 

2.89 0.13 0.42 

3.02 0.13 0.35 

2.75 0.12 0.33 

2.76 0.12 0.26 

2.72 0.12 0.31 

3.04 0.13 0.45 

3.97 0.16 0.51 

2.71 0.12 0.33 

2.87 0.13 0.32 

2.90 0.13 0.30 

1.01 0.07 0.10 

2.68 0.12 0.35 

2.78 0.12 0.38 

3.36 0.14 0.90 

2.76 0.12 0.61 

1.86 0.10 0.19 


0.06 0.60 0.08 

0.06 1.22 0.11 

0.05 0.42 0.07 

0.05 0.13 0.05 

0.06 0.53 0.07 

0.06 0.54 0.07 

0.06 0.39 0.07 

0.06 0.47 0.07 

0.06 0.43 0.07 

0.05 0.37 0.06 

0.06 0.66 0.08 

0.05 0.44 0.07 

0.06 0.43 0.07 

0.06 0.54 0.07 

0.06 0.49 0.07 

0.05 0.52 0.07 

0.06 0.55 0.07 

0.06 0.48 0.07 

0.06 0.56 0.07 

0.05 0.45 0.07 

0.05 0.51 0.07 

0.05 0.44 0.07 

0.06 0.47 0.07 

0.06 0.39 0.07 

0.06 0.53 0.07 

0.06 0.51 0.07 

0.06 0.46 0.07 

0.06 0.50 0.07 

0.06 0.42 0.07 

0.05 0.11 0.05 

0.05 0.52 0.07 

0.06 0.34 0.06 

0.06 0.55 0.07 

0.05 0.62 0.08 

0.06 0.47 0.07 

0.06 0.53 0.07 

0.05 0.09 0.05 

0.05 0.32 0.06 

0.05 0.44 0.07 

0.05 0.24 0.06 

0.06 0.48 0.07 

0.06 0.53 0.07 

0.06 0.51 0.07 

0.06 0.49 0.07 

0.09 1.19 0.11 

0.15 0.61 0.08 

0.06 0.62 0.08 

0.06 0.46 0.07 

0.06 0.46 0.07 

0.05 0.50 0.07 

0.06 0.46 0.07 

0.06 0.97 0.10 

0.06 1.21 0.11 

0.06 0.39 0.07 

0.06 0.44 0.07 

0.06 0.52 0.07 

0.05 0.15 0.05 

0.06 0.52 0.07 

0.06 0.37 0.06 

0.07 0.59 0.08 

0.07 1.15 0.11 

0.05 0.03 0.05 
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FLD10 72.68 
FLDIO 74.20 
FLD10 71.09 
FLDIO 73.19 
FLDIO 81.44 
FLDIO 81.61 
FLDIO 72.13 
FLDIO 80.47 
FLDIO 75.30 
FLDIO 73.38 
FLDIO 72.56 
FLDIO 73.73 
FLDIO 78.05 
FLDIO 71.70 
FLDIO 79.13 
FLDIO 67.53 
FLDIO 75.08 
FLDIO 71.97 
FLDIO 74.72 
FLDIO 71.85 
FLDIO 80.54 
FLDIO 74.60 
FLDIO 75.36 
FLDIO 76.91 
FLDIO 63.43 
FLDIO 73.20 
FLDIO 73.21 
FLDIO 72.19 
FLDIO 71.61 
FLDIO 78.10 
FLDIO 80.46 
FLDIO 68.35 
FLDIO 70.66 
FLDIO 75.82 
FLDIO 75.18 
FLDIO 72.06 
FLDIO 72.60 
FLDIO 65.37 
FLDIO 77.42 
FLDIO 69.39 
FLDIO 74.56 
FLDIO 73.42 
FLDIO 73.90 
FLDIO 76.01 
FLDIO 67.90 
FLDIO 76.90 
FLDIO 73.18 
FLDIO 72.11 
FLDIO 75.41 
FLDIO 71.25 
FLDIO 67.90 
FLDIO 73.27 
FLDIO 75.49 
FLDIO 74.30 
FLDIO 73.05 
FLDIO 73.33 
FLDIO 78.54 
FLDIO 73.60 
FLDIO 70.26 
FLDIO 73.79 
FLDIO 68.86 
FLDIO 75.12 


3.07 13.22 0.66 

3.13 12.18 0.61 

3.00 13.95 0.70 

3.09 13.14 0.66 

3.43 10.94 0.56 

3.44 10.50 0.54 

3.05 13.16 0.66 

3.39 9.16 0.47 

3.18 12.72 0.64 

3.10 12.37 0.62 

3.07 13.02 0.65 

3.11 13.25 0.66 

3.29 12.63 0.64 

3.03 13.59 0.68 

3.34 12.29 0.62 

2.86 15.03 0.75 

3.17 12.93 0.65 

3.04 12.26 0.62 

3.16 13.31 0.67 

3.04 12.55 0.63 

3.40 12.46 0.63 

3.15 9.26 0.48 

3.18 13.71 0.69 

3.25 12.92 0.65 

2.69 17.81 0.87 

3.09 12.94 0.65 

3.09 12.96 0.65 

3.05 13.09 0.66 

3.03 13.04 0.65 

3.30 11.10 0.56 

3.39 11.84 0.60 

2.89 13.23 0.66 

2.99 13.33 0.67 

3.20 13.41 0.67 

3.17 13.07 0.66 

3.05 13.21 0.66 

3.07 15.43 0.76 

2.77 19.65 0.96 

3.27 11.39 0.58 

2.93 15.38 0.76 

3.15 12.90 0.65 

3.10 12.24 0.62 

3.12 12.78 0.64 

3.21 10.22 0.52 

2.87 15.78 0.78 

3.25 14.33 0.71 

3.09 13.95 0.70 

3.05 12.80 0.64 

3.18 13.18 0.66 

3.01 12.55 0.63 

2.87 16.99 0.84 

3.10 15.19 0.75 

3.19 12.48 0.63 

3.14 12.98 0.65 

3.09 13.61 0.68 

3.10 13.57 0.68 

3.31 12.60 0.63 

3.11 13.70 0.68 

2.97 16.85 0.83 

3.12 14.54 0.72 

2.91 15.84 0.78 

3.17 12.69 0.64 


3.15 0.23 3.71 

3.40 0.25 3.91 

3.63 0.26 3.77 

3.42 0.25 3.78 

4.19 0.30 3.92 

3.64 0.26 3.56 

3.64 0.26 4.31 

2.35 0.18 3.47 

3.41 0.25 3.74 

3.46 0.25 4.06 

3.33 0.24 3.98 

3.57 0.26 3.93 

4.77 0.33 4.54 

5.55 0.38 5.25 

4.72 0.33 4.28 

4.39 0.31 4.64 

3.41 0.25 4.58 

3.46 0.25 4.26 

3.54 0.26 3.73 

3.28 0.24 3.86 

4.58 0.32 4.40 

4.30 0.30 4.18 

5.52 0.38 4.81 

4.68 0.33 4.83 

3.71 0.27 3.87 

3.71 0.27 4.23 

3.09 0.23 3.57 

3.21 0.24 3.58 

3.16 0.23 3.72 

4.35 0.31 4.35 

4.25 0.30 4.28 

5.20 0.36 5.33 

3.11 0.23 4.39 

3.08 0.23 3.42 

3.20 0.24 3.79 

3.17 0.23 3.44 

5.83 0.40 5.34 

5.87 0.40 6.01 

4.21 0.30 4.50 

4.09 0.29 4.06 

2.93 0.22 3.56 

2.73 0.21 3.44 

3.20 0.24 3.72 

2.90 0.22 5.21 

4.34 0.31 4.81 

3.11 0.23 3.75 

3.41 0.25 3.63 

3.13 0.23 3.51 

2.92 0.22 3.18 

3.00 0.22 3.56 

3.96 0.28 4.57 

3.45 0.25 4.73 

3.12 0.23 3.77 

3.04 0.23 3.70 

3.52 0.26 3.71 

3.20 0.24 3.43 

3.26 0.24 3.51 

3.03 0.22 3.38 

4.23 0.30 4.81 

3.24 0.24 4.73 

3.78 0.27 4.31 

3.09 0.23 3.70 


0.15 2.60 0.12 

0.15 2.43 0.11 

0.15 3.11 0.13 

0.15 2.37 0.11 

0.15 0.03 0.04 

0.14 0.03 0.04 

0.17 1.44 0.08 

0.14 0.49 0.05 

0.15 2.20 0.10 

0.16 2.26 0.11 

0.16 2.16 0.10 

0.15 2.27 0.11 

0.17 0.03 0.04 

0.19 0.31 0.05 

0.16 0.12 0.04 

0.18 1.24 0.08 

0.17 0.72 0.06 

0.16 2.10 0.10 

0.15 2.38 0.11 

0.15 2.37 G.l-1 

0.17 0.03 0.04 

0.16 1.15 0.07 

0.18 0.03 0.04 

0.18 0.03 0.04 

0.15 4.07 0.16 

0.16 2.54 0.12 

0.14 2.61 0.12 

0.14 3.99 0.16 

0.15 2.95 0.13 

0.17 0.03 0.04 

0.16 0.03 0.04 

0.20 0.33 0.05 

0.17 2.08 0.10 

0.14 2.73 0.12 

0.15 2.46 0.11 

0.14 3.49 0.14 

0.20 0.07 0.04 

0.22 1.20 0.07 

0.17 0.71 0.06 

0.16 1.67 0.09 

0.14 2.90 0.13 

0.14 3.14 0.13 

0.15 2.88 0.13 

0.19 0.27 0.05 

0.18 1.58 0.09 

0.15 2.07 0.10 

0.14 2.08 0.10 

0.14 3.14 0.13 

0.13 3.41 0.14 

0.14 2.62 0.12 

0.17 1.59 0.09 

0.18 0.98 0.07 

0.15 2.67 0.12 

0.15 2.59 0.12 

0.15 2.53 0.11 

0.14 2.54 0.12 

0.14 1.70 0.09 

0.14 3.06 0.13 

0.18 1.31 0.08 

0.18 1.11 0.07 

0.17 2.25 0.11 

0.15 1.88 0.10 


2.46 0.11 0.32 

2.56 0.12 0.29 

2.96 0.13 0.41 

2.78 0.12 0.34 

1.62 0.09 0.03 

1.37 0.08 0.03 

4.07 0.16 0.44 

2.34 0.11 0.30 

2.66 0.12 0.30 

2.71 0.12 0.29 

2.72 0.12 0.32 

2.56 0.12 0.34 

1.80 0.09 0.10 

3.87 0.16 0.13 

2.06 0.10 0.10 

3.26 0.14 0.21 

0.96 0.07 0.15 

3.09 0.13 0.28 

2.72 0.12 0.33 

2.67 0.12 0.25 

1.59 0.09 0.03 

5.40 0.20 0.19 

2.56 0.12 0.14 

2.01 0.10 0.06 

3.70 0.15 0.42 

3.55 0.15 0.36 

2.77 0.12 0.34 

2.95 0.13 0.40 

2.49 0.11 0.36 

2.81 0.12 0.08 

1.66 0.09 0.03 

5.04 0.19 2.87 

4.73 0.18 0.31 

2.89 0.13 0.39 

2.88 0.13 0.30 

2.71 0.12 0.31 

2.87 0.13 0.06 

0.35 0.05 0.03 

4.29 0.17 0.23 

3.41 0.14 0.46 

2.56 0.12 0.27 

2.39 0.11 0.33 

2.73 0.12 0.28 

3.71 0.15 0.15 

3.97 0.16 0.67 

2.69 0.12 0.31 

2.77 0.12 0.44 

2.62 0.12 0.34 

2.43 0.11 0.34 

2.69 0.12 0.35 

3.43 0.14 0.53 

1.81 0.09 0.18 

2.45 0.11 0.19 

2.52 0.12 0.32 

3.16 0.14 0.41 

2.77 0.12 0.27 

2.56 0.12 0.22 

3.37 0.14 0.27 

2.95 0.13 0.41 

2.24 0.11 0.27 

2.94 0.13 1.22 

2.69 0.12 0.28 


0.06 0.50 0.07 

0.06 0.39 0.07 

0.06 0.61 0.08 

0.06 0.49 0.07 

0.05 0.22 0.06 

0.05 0.16 0.05 

0.06 0.21 0.06 

0.06 0.46 0.07 

0.06 0.45 0.07 

0.06 0.46 0.07 

0.06 0.55 0.07 

0.06 0.60 0.08 

0.05 0.16 0.05 

0.05 0.10 0.05 

0.05 0.03 0.05 

0.05 0.35 0.06 

0.05 0.49 0.07 

0.05 0.40 0.07 

0.06 0.49 0.07 

0.05 0.45 0.07 

0.05 0.23 0.06 

0.05 0.20 0.06 

0.05 0.13 0.05 

0.05 0.03 0.05 

0.06 1.48 0.12 

0.06 0.52 0.07 

0.06 0.44 0.07 

0.06 0.65 0.08 

0.06 0.53 0.07 

0.05 0.17 0.05 

0.05 0.20 0.06 

0.14 0.31 0.06 

0.06 1.13 0.10 

0.06 0.50 0.07 

0.06 0.47 0.07 

0.06 0.63 0.08 

0.05 0.21 0.06 

0.05 0.03 0.05 

0.05 0.14 0.05 

0.06 0.89 0.09 

0.05 0.42 0.07 

0.06 0.51 0.07 

0.05 0.48 0.07 

0.05 0.09 0.05 

0.07 0.78 0.09 

0.06 0.50 0.07 

0.06 0.54 0.07 

0.06 0.44 0.07 

0.06 0.52 0.07 

0.06 0.44 0.07 

0.06 1.04 0.10 

0.05 0.38 0.06 

0.05 0.50 0.07 

0.06 0.48 0.07 

0.06 0.48 0.07 

0.05 0.47 0.07 

0.05 0.34 0.06 

0.05 0.48 0.07 

0.06 0.74 0.08 

0.05 0.59 0.08 

0.08 0.79 0.09 

0.06 0.31 0.06 
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FLD10 85.88 
FLDIO 74.92 
FLDIO 77.66 
FLDIO 74.77 
FLDIO 85.30 
FLDIO 67.77 
FLDIO 75.09 
FLDIO 64.23 
FLDIO 93.89 
FLDIO 74.30 
FLDIO 86.54 
FLDIO 70.63 
FLDIO 77.51 
FLDIO 68.02 
FLDIO 70.28 
FLDIO 99.01 
FLDIO 75.06 
FLDIO 72.38 
FLDIO 73.71 
FLDIO 79.10 
FLDIO 80.34 
FLDIO 67.03 
FLDIO 80.28 
FLDIO 66.57 
FLDIO 70.03 
FLDIO 68.61 
FLDIO 74.15 
FLDIO 64.68 
FLDIO 81.72 
FLDIO 71.50 
FLDIO 67.87 
FLDIO 67.45 
FLDIO 66.05 
FLDIO 67.73 
FLDIO 72.11 
FLDIO 72.95 
FLDIO 67.20 
FLDIO 80.54 
FLDIO 80.26 
FLDIO 67.31 
FLDIO 76.06 
FLDIO 75.39 
FLDIO 63.98 
FLDIO 68.09 
FLDIO 69.52 
FLDIO 73.95 
FLDIO 78.51 
FLDIO 78.41 
FLDIO 61.49 
FLDIO 70.20 
FLDIO 85.06 
FLDIO 70.80 
FLDIO 65.54 
FLDIO 68.40 
FLDIO 85.69 
FLDIO 67.76 
FLDIO 71.47 
FLDIO 71.72 
FLDIO 73.40 
FLDIO 63.77 
FLDIO 69.18 
FLDIO 70.10 


3.62 6.39 0.35 

3.16 13.27 0.66 

3.28 14.62 0.73 

3.16 14.01 0.70 

3.59 7.71 0.41 

2.87 16.44 0.81 

3.17 10.51 0.54 

2.72 19.99 0.98 

3.95 3.48 0.21 

3.14 12.55 0.63 

3.64 7.55 0.40 

2.99 14.46 0.72 

3.27 12.01 0.61 

2.88 14.63 0.73 

2.97 14.07 0.70 

4.16 0.43 0.07 

3.17 12.34 0.62 

3.06 13.05 0.65 

3.11 14.76 0.73 

3.34 10.94 0.56 

3.39 10.01 0.51 

2.84 18.45 0.90 

3.39 9.35 0.48 

2.82 16.53 0.82 

2.96 12.96 0.65 

2.90 14.21 0.71 

3.13 13.40 0.67 

2.74 11.72 0.59 

3.45 10.20 0.52 

3.02 14.41 0.72 

2.87 16.57 0.82 

2.85 17.51 0.86 

2.80 16.27 0.80 

2.87 15.40 0.76 

3.05 13.42 0.67 

3.08 12.64 0.64 

2.84 6.22 0.34 

3.40 11.83 0.60 

3.38 12.58 0.63 

2.85 16.67 0.82 

3.21 14.49 0.72 

3.18 12.74 0.64 

2.71 19.78 0.97 

2.88 16.56 0.82 

2.94 13.11 0.66 

3.12 13.53 0.68 

3.31 11.77 0.60 

3.31 11.51 0.58 

2.61 20.07 0.98 

2.97 16.14 0.80 

3.58 9.05 0.47 

2.99 14.86 0.74 

2.78 17.71 0.87 

2.89 15.56 0.77 

3.61 9.55 0.49 

2.87 16.63 0.82 

3.02 9.88 0.51 

3.03 14.33 0.71 

3.10 13.53 0.68 

2.70 19.18 0.94 

2.93 17.18 0.85 

2.96 14.18 0.71 


1.68 0.14 2.26 

3.18 0.23 3.57 

2.50 0.19 2.86 

3.25 0.24 3.63 

2.86 0.21 2.78 

5.47 0.38 5.20 

3.54 0.26 4.52 

3.61 0.26 3.42 

1.14 0.11 1.35 

3.34 0.24 3.41 

2.87 0.22 2.95 

3.48 0.25 4.49 

4.28 0.30 4.84 

3.93 0.28 4.53 

3.60 0.26 4.53 

0.17 0.05 0.15 

3.49 0.25 4.19 

3.47 0.25 3.71 

5.40 0.37 5.09 

4.08 0.29 3.97 

2.56 0.20 3.32 

4.26 0.30 4.11 

2.41 0.19 2.84 

4.56 0.32 4.78 

3.76 0.27 4.44 

3.94 0.28 4.07 

3.44 0.25 3.73 

6.36 0.43 5.14 

3.80 0.27 3.74 

3.39 0.25 4.29 

4.64 0.32 4.51 

4.29 0.30 4.17 

3.94 0.28 4.07 

3.66 0.26 4.37 

3.69 0.27 3.92 

3.35 0.24 3.80 

5.33 0.37 4.72 

4.51 0.32 4.08 

4.69 0.33 4.35 

4.07 0.29 4.25 

4.15 0.29 4.20 

3.12 0.23 4.63 

3.76 0.27 3.88 

3.47 0.25 4.12 

3.67 0.26 4.43 

3.60 0.26 3.82 

4.45 0.31 4.36 

5.07 0.35 4.21 

4.42 0.31 4.18 

4.64 0.32 5.01 

2.00 0.16 1.85 

3.80 0.27 4.43 

3.64 0.26 4.24 

3.69 0.27 3.98 

3.66 0.26 3.18 

6.55 0.44 6.08 

4.28 0.30 4.21 

3.80 0.27 3.48 

3.21 0.24 4.33 

4.54 0.32 5.23 

4.57 0.32 6.33 

3.60 0.26 4.19 


0.10 0.99 0.07 

0.14 1.98 0.10 

0.12 2.74 0.12 

0.14 2.68 0.12 

0.12 0.03 0.04 

0.19 1.32 0.08 

0.17 0.08 0.04 

0.14 2.95 0.13 

0.07 0.26 0.05 

0.14 2.80 0.12 

0.12 0.11 0.04 

0.17 1.11 0.07 

0.18 0.09 0.04 

0.17 1.12 0.07 

0.17 1.13 0.07 

0.04 0.03 0.04 

0.16 1.44 0.08 

0.15 2.33 0.11 

0.19 0.44 0.05 

0.15 0.03 0.04 

0.13 1.48 0.08 

0.16 1.73 0.09 

0.12 0.78 0.06 

0.18 1.79 0.09 

0.17 2.40 0.11 

0.16 3.22 0.14 

0.15 1.98 0.10 

0.19 2.32 0.11 

0.15 0.03 0.04 

0.16 1.28 0.08 

0.17 0.92 0.07 

0.16 2.66 0.12 

0.16 2.65 0.12 

0.17 1.69 0.09 

0.15 2.97 0.13 

0.15 2.62 0.12 

0.18 1.43 0.08 

0.16 0.03 0.04 

0.17 0.03 0.04 

0.16 2.04 0.10 

0.16 0.89 0.07 

0.18 0.61 0.06 

0.15 2.68 0.12 

0.16 3.24 0.14 

0.17 2.49 0.11 

0.15 2.83 0.12 

0.17 0.03 0.04 

0.16 0.43 0.05 

0.16 3.51 0.14 

0.19 1.13 0.07 

0.09 1.30 0.08 

0.17 1.53 0.08 

0.16 3.50 0.14 

0.16 3.13 0.13 

0.13 0.03 0.04 

0.22 0.03 0.04 

0.16 2.18 0.10 

0.14 3.05 0.13 

0.17 0.93 0.07 

0.19 0.97 0.07 

0.23 0.67 0.06 

0.16 2.98 0.13 


1.84 0.09 0.15 

2.83 0.13 0.35 

2.70 0.12 0.33 

2.63 0.12 0.31 

1.02 0.07 0.05 

3.56 0.15 0.19 

2.39 0.11 0.08 

3.49 0.15 0.63 

0.83 0.06 0.05 

2.68 0.12 0.33 

1.73 0.09 0.30 

2.47 0.11 0.27 

2.68 0.12 0.07 

3.64 0.15 0.47 

4.58 0.18 0.28 

0.13 0.04 0.03 

2.39 0.11 0.23 

2.87 0.13 0.34 

2.10 0.10 0.03 

1.62 0.09 0.11 

2.28 0.11 0.17 

2.79 0.12 0.33 

2.49 0.11 0.28 

3.37 0.14 0.52 

3.55 0.15 1.34 

5.40 0.20 0.72 

2.59 0.12 0.30 

8.81 0.31 0.70 

1.45 0.08 0.08 

2.41 0.11 0.29 

3.89 0.16 0.03 

3.81 0.16 0.38 

4.98 0.19 0.60 

5.13 0.20 0.47 

2.73 0.12 0.34 

2.91 0.13 0.36 

12.54 0.43 1.29 

1.67 0.09 0.03 

1.86 0.09 0.05 

3.06 0.13 0.74 

2.16 0.10 0.20 

1.36 0.08 0.22 

3.35 0.14 1.17 

3.18 0.14 0.44 

2.57 0.12 0.16 

3.69 0.15 0.30 

1.79 0.09 0.09 

3.98 0.16 0.09 

2.24 0.11 0.31 

3.28 0.14 0.38 

1.92 0.10 0.20 

2.73 0.12 0.42 

3.36 0.14 0.46 

3.49 0.15 0.48 

1.37 0.08 0.05 

2.77 0.12 0.03 

6.73 0.25 0.36 

5.04 0.19 0.59 

2.88 0.13 0.30 

4.53 0.18 0.35 

2.44 0.11 0.07 

2.37 0.11 0.21 


0.05 0.27 0.06 

0.06 0.42 0.07 

0.06 0.48 0.07 

0.06 0.50 0.07 

0.05 0.16 0.05 

0.05 0.22 0.06 

0.05 0.03 0.05 

0.07 1.25 0.11 

0.05 0.09 0.05 

0.06 0.51 0.07 

0.06 0.12 0.05 

0.05 0.68 0.08 

0.05 0.22 0.06 

0.06 0.71 0.08 

0.05 0.77 0.09 

0.05 0.03 0.05 

0.05 0.37 0.06 

0.06 0.44 0.07 

0.05 0.09 0.05 

0.05 0.03 0.05 

0.05 0.55 0.07 

0.06 0.91 0.09 

0.05 0.43 0.07 

0.06 0.65 0.08 

0.09 0.55 0.07 

0.07 0.73 0.08 

0.06 0.43 0.07 

0.07 0.33 0.06 

0.05 0.03 0.05 

0.06 0.55 0.07 

0.05 0.40 0.07 

0.06 0.88 0.09 

0.07 1.28 0.11 

0.06 0.85 0.09 

0.06 0.56 0.07 

0.06 0.44 0.07 

0.09 0.17 0.05 

0.05 0.22 0.06 

0.05 0.17 0.05 

0.07 0.90 0.09 

0.05 0.38 0.07 

0.05 0.26 0.06 

0.08 1.17 0.11 

0.06 1.04 0.10 

0.05 0.41 0.07 

0.06 0.52 0.07 

0.05 0.03 0.05 

0.05 0.18 0.05 

0.06 0.36 0.06 

0.06 0.47 0.07 

0.05 0.44 0.07 

0.06 0.71 0.08 

0.06 1.08 0.10 

0.06 0.79 0.09 

0.05 0.14 0.05 

0.05 0.17 0.05 

0.06 0.03 0.05 

0.06 0.78 0.09 

0.06 0.44 0.07 

0.06 0.79 0.09 

0.05 0.25 0.06 

0.05 0.49 0.07 
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FLD10 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 

FLDIO 


71.93 3.04 
83.06 3.50 
81.03 3.42 

82.89 3.49 
69.02 2.92 
83.04 3.50 

88.70 3.73 

78.83 3.33 

77.21 3.26 

58.68 2.49 

67.11 2.84 

98.82 4.15 

72.59 3.07 

71.60 3.03 

74.62 3.15 

76.82 3.24 

73.40 3.10 
85.09 3.58 

79.93 3.37 
64.08 2.71 

84.58 3.56 

61.63 2.61 

65.64 2.78 

98.30 4.13 
74.01 3.13 

77.34 3.26 

81.59 3.44 

75.64 3.19 

72.45 3.06 

67.50 2.86 
80.04 3.38 
76.08 3.21 

78.42 3.31 
71.04 3.00 

77.19 3.26 

78.71 3.32 

73.19 3.09 

73.55 3.11 

73.56 3.11 

78.29 3.30 

63.51 2.69 

77.22 3.26 

80.66 3.40 

77.79 3.28 

81.40 3.43 

74.97 3.17 

64.19 2.72 

87.15 3.67 
89.08 3.75 

74.94 3.16 

76.33 3.22 

79.83 3.37 

71.13 3.01 

70.30 2.97 

64.40 2.73 

78.37 3.31 

77.96 3.29 

72.95 3.08 

78.54 3.31 

78.55 3.31 

76.46 3.23 

79.63 3.36 


14.39 0.72 

10.94 0.56 

11.58 0.59 
9.65 0.50 

14.94 0.74 

9.45 0.49 
7.12 0.38 

12.69 0.64 

12.98 0.65 

24.36 1.18 

16.70 0.82 
0.53 0.08 

13.73 0.69 

12.39 0.62 

13.45 0.67 

12.48 0.63 

13.99 0.70 

8.45 0.44 

9.92 0.51 

11.94 0.60 

8.24 0.43 

10.58 0.54 
5.62 0.31 
0.33 0.07 

11.73 0.59 

13.13 0.66 

9.77 0.50 
12.85 0.65 

11.19 0.57 

11.42 0.58 

10.95 0.56 

11.46 0.58 

11.47 0.58 

14.39 0.72 

12.38 0.62 

12.99 0.65 

13.13 0.66 

9.91 0.51 

12.23 0.62 

12.63 0.64 

11.51 0.58 

12.69 0.64 

10.10 0.52 

11.17 0.57 

9.47 0.49 

13.37 0.67 

14.27 0.71 

8.47 0.44 

5.58 0.31 

15.25 0.76 

13.71 0.68 

11.52 0.58 

13.72 0.69 
10.93 0.56 

12.10 0.61 

11.97 0.60 

11.35 0.58 
15.00 0.74 

11.77 0.60 

11.91 0.60 

12.65 0.64 

9.70 0.50 


3.46 0.25 

3.99 0.28 

4.38 0.31 

3.70 0.27 

3.61 0.26 

2.75 0.21 

2.77 0.21 

4.94 0.34 
5.06 0.35 

3.78 0.27 

5.13 0.36 
0.12 0.05 
3.06 0.23 

2.92 0.22 
3.34 0.24 

4.81 0.34 

5.48 0.38 

3.17 0.23 

3.81 0.27 

6.54 0.44 

3.24 0.24 

5.99 0.41 

3.22 0.24 
0.03 0.04 

5.82 0.40 

5.22 0.36 

3.69 0.27 

4.79 0.33 

4.91 0.34 
6.04 0.41 

4.30 0.30 

4.74 0.33 

4.63 0.32 
6.07 0.41 

4.93 0.34 
5.21 0.36 

5.33 0.37 

5.54 0.38 

5.62 0.39 

4.77 0.33 

6.49 0.44 
5.00 0.35 

4.16 0.30 
4.43 0.31 
3.57 0.26 

5.50 0.38 

5.75 0.39 
2.96 0.22 

1.92 0.16 
5.74 0.39 

5.16 0.36 

4.27 0.30 
6.00 0.41 
5.20 0.36 
6.67 0.45 

4.59 0.32 

4.46 0.31 
6.03 0.41 
4.49 0.32 

4.48 0.31 

4.64 0.32 

3.73 0.27 


3.82 0.15 

3.97 0.15 

4.25 0.16 

3.64 0.14 

4.22 0.16 

3.55 0.14 
2.68 0.12 

4.66 0.18 

4.73 0.18 
3.91 0.15 

5.54 0.20 
0.06 0.04 

3.23 0.13 

3.53 0.14 

3.64 0.14 

4.50 0.17 

4.83 0.18 

3.17 0.13 

3.66 0.15 

5.24 0.19 

3.15 0.13 
5.03 0.19 

3.41 0.14 
0.03 0.03 

4.71 0.18 

4.66 0.18 

3.67 0.15 

4.77 0.18 

4.65 0.18 
5.03 0.19 
4.08 0.16 

4.46 0.17 

4.33 0.17 

5.13 0.19 
4.61 0.17 

4.56 0.17 

4.93 0.18 

4.75 0.18 

4.77 0.18 

4.42 0.17 

5.19 0.19 

4.54 0.17 

3.98 0.16 

4.42 0.17 

3.71 0.15 
5.04 0.19 

5.57 0.20 
3.06 0.13 

2.20 0.10 
5.04 0.19 

4.83 0.18 

4.39 0.17 

5.13 0.19 

4.82 0.18 

5.34 0.20 

4.48 0.17 

4.32 0.17 

5.35 0.20 

4.28 0.16 

4.25 0.16 

4.66 0.18 
3.85 0.15 


1.78 0.09 
0.03 0.04 
0.03 0.04 
0.03 0.04 

1.73 0.09 
0.75 0.06 
0.03 0.04 
0.03 0.04 
0.03 0.04 

2.45 0.11 
0.71 0.06 
0.03 0.04 

3.55 0.15 

2.77 0.12 

2.64 0.12 
0.03 0.04 
0.03 0.04 
0.20 0.04 
0.09 0.04 

1.53 0.08 
0.08 0.04 
1.29 0.08 
0.42 0.05 
0.03 0.04 
0.72 0.06 
0.03 0.04 
0.03 0.04 
0.03 0.04 
0.03 0.04 
0.36 0.05 
0.03 0.04 
0.10 0.04 
0.03 0.04 
0.10 0.04 
0.03 0.04 
0.03 0.04 
0.35 0.05 
0.62 0.06 
0.80 0.06 
0.06 0.04 

1.80 0.09 
0.41 0.05 
0.19 0.04 
0.03 0.04 
0.14 0.04 
0.03 0.04 
0.43 0.05 
0.03 0.04 
0.03 0.04 
0.03 0.04 
0.08 0.04 
0.03 0.04 
0.76 0.06 

1.11 0.07 

1.77 0.09 
0.03 0.04 
0.03 0.04 
0.25 0.05 
0.03 0.04 
0.10 0.04 
0.28 0.05 
0.09 0.04 


2.89 0.13 

1.48 0.08 

1.71 0.09 

1.45 0.08 

3.81 0.16 

2.18 0.10 
1.05 0.07 

1.90 0.10 
1.88 0.10 

4.94 0.19 

2.18 0.11 
0.07 0.04 

2.34 0.11 

2.75 0.12 

2.80 0.12 

1.69 0.09 
2.09 0.10 
2.01 0.10 

1.70 0.09 

9.32 0.33 

1.31 0.08 

9.33 0.33 

16.11 0.54 

0.13 0.04 

6.48 0.24 

1.82 0.09 

1.59 0.09 

1.87 0.10 

4.14 0.17 

11.20 0.38 

1.53 0.08 

2.45 0.11 

1.73 0.09 

3.43 0.14 

2.23 0.11 

2.15 0.10 
3.02 0.13 

7.80 0.28 

4.81 0.19 

1.88 0.10 

9.91 0.34 

2.50 0.11 
2.42 0.11 

2.80 0.12 

1.76 0.09 

3.11 0.13 

3.44 0.14 

1.48 0.08 
1.04 0.07 
2.00 0.10 
1.97 0.10 

1.65 0.09 

4.38 0.17 

6.12 0.23 
9.22 0.32 

1.93 0.10 

2.39 0.11 

3.18 0.14 

1.52 0.08 

1.77 0.09 
2.64 0.12 

1.51 0.08 


0.32 0.06 
0.03 0.05 
0.03 0.05 
0.03 0.05 
0.50 0.06 
0.09 0.05 
0.03 0.05 
0.03 0.05 
0.03 0.05 
0.76 0.07 
0.07 0.05 
0.03 0.05 
0.27 0.05 
0.37 0.06 
0.31 0.06 
0.06 0.05 
0.08 0.05 
0.10 0.05 
0.03 0.05 
0.60 0.07 
0.05 0.05 

2.80 0.13 

5.82 0.23 
0.03 0.05 
0.32 0.06 
0.03 0.05 
0.08 0.05 
0.03 0.05 
0.13 0.05 
0.74 0.07 
0.03 0.05 
0.08 0.05 
0.03 0.05 
0.23 0.05 
0.03 0.05 
0.06 0.05 
0.13 0.05 
0.41 0.06 
0.34 0.06 
0.17 0.05 
0.35 0.06 
0.03 0.05 
0.35 0.06 
0.64 0.07 
0.06 0.05 
0.28 0.05 

2.52 0.13 
0.06 0.05 
0.03 0.05 
0.05 0.05 
0.03 0.05 
0.03 0.05 
0.12 0.05 
0.31 0.06 
0.45 0.06 
0.05 0.05 
0.03 0.05 
0.10 0.05 
0.03 0.05 
0.03 0.05 
0.10 0.05 
0.05 0.05 


0.67 0.08 
0.17 0.05 
0.03 0.05 
0.17 0.05 
0.97 0.10 
0.23 0.06 
0.05 0.05 
0.03 0.05 
0.03 0.05 

1.66 0.13 
0.23 0.06 
0.03 0.05 
0.43 0.07 
0.71 0.08 
0.59 0.08 
0.03 0.05 
0.05 0.05 
0.16 0.05 
0.03 0.05 
0.13 0.05 
0.19 0.05 
0.97 0.10 
0.89 0.09 
0.03 0.05 
0.09 0.05 
0.23 0.06 
0.08 0.05 
0.15 0.05 
0.09 0.05 
0.91 0.09 
0.03 0.05 
0.16 0.05 
0.17 0.05 
0.26 0.06 
0.10 0.05 
0.28 0.06 
0.17 0.05 
0.03 0.05 
0.10 0.05 
0.26 0.06 
0.03 0.05 
0.15 0.05 
0.16 0.05 
0.03 0.05 
0.07 0.05 
0.21 0.06 
0.44 0.07 
0.15 0.05 
0.08 0.05 
0.26 0.06 
0.05 0.05 
0.16 0.05 
0.25 0.06 
0.07 0.05 
0.18 0.05 
0.19 0.05 
0.16 0.05 
0.05 0.05 
0.15 0.05 
0.14 0.05 
0.18 0.05 
0.03 0.05 























APPENDIX B. 

EDS HOST ANALYSES 








350 

FLD10 

74.35 

3.14 

13.40 

0.67 

5.01 

0.35 

4.82 

0.18 

0.06 

0.04 

2.16 

0.10 

0.07 0.05 

0.14 0.05 

FLDIO 

77.72 

3.28 

11.84 

0.60 

4.69 

0.33 

4.48 

0.17 

0.03 

0.04 

2.48 

0.11 

0.03 0.05 

0.10 0.05 

FLDIO 

77.91 

3.29 

11.73 

0.59 

4.63 

0.32 

4.43 

0.17 

0.03 

0.04 

2.12 

0.10 

0.03 0.05 

0.03 0.05 

FLDIO 

81.01 

3.42 

12.12 

0.61 

4.50 

0.32 

4.20 

0.16 

0.03 

0.04 

1.65 

0.09 

0.03 0.05 

0.20 0.06 

FLDIO 

77.98 

3.29 

11.43 

0.58 

4.37 

0.31 

4.26 

0.16 

0.03 

0.04 

1.53 

0.08 

0.03 0.05 

0.03 0.05 

FLDIO 

72.54 

3.06 

16.30 

0.80 

6.34 

0.43 

5.43 

0.20 

0.29 

0.05 

2.56 

0.12 

0.03 0.05 

0.25 0.06 

FLDIO 

65.79 

2.79 

15.81 

0.78 

6.95 

0.47 

5.56 

0.20 

0.67 

0.06 

3.39 

0.14 

0.08 0.05 

0.50 0.07 

FLDIO 

76.43 

3.23 

13.47 

0.67 

5.03 

0.35 

4.75 

0.18 

0.03 

0.04 

2.03 

0.10 

0.03 0.05 

0.09 0.05 

FLDIO 

95.87 

103 

0.29 

0.06 

0.10 

0.04 

0.03 

0.03 

0.06 

0.04 

0.08 

0.04 

0.03 0.05 

0.13 0.05 

FLDIO 

79.86 

3.37 

11.19 

0.57 

4.27 

0.30 

4.05 

0.16 

0.03 

0.04 

1.83 

0.09 

0.07 0.05 

0.03 0.05 

FLDIO 

78.24 

3.30 

11.71 

0.59 

4.51 

0.32 

4.47 

0.17 

0.03 

0.04 

1.70 

0.09 

0.03 0.05 

0.03 0.05 














0.10 0.05 

U.U3 U.U5 

FLDIO 

61.66 

2.61 

8.88 

0.46 

6.40 

0.43 

4.86 

0.18 

3.57 

0.15 

13.93 

0.47 

0.81 0.07 

0.18 0.05 

FLDIO 

67.84 

2.87 

15.60 

0.77 

6.61 

0.45 

5.59 

0.20 

0.70 

0.06 

4.41 

0.17 

0.15 0.05 

0.18 0.05 

FLDIO 

78.69 

3.32 

11.01 

0.56 

4.59 

0.32 

4.30 

0.17 

0.07 

0.04 

2.40 

0.11 

0.15 0.05 

0.21 0.06 

FLDIO 

95.91 

103 

0.29 

0.06 

0.12 

0.05 

0.03 

0.03 

0.11 

0.04 

0.07 

0.04 

0.03 0.05 

0.03 0.05 

FLDIO 

73.29 

3.10 

13.91 

0.69 

5.68 

0.39 

4.87 

0.18 

0.27 

0.05 

2.99 

0.13 

0.08 0.05 

0.44 0.07 

FLDIO 

77.57 

3.27 

9.83 

0.51 

4.73 

0.33 

4.14 

0.16 

0.82 

0.06 

4.95 

0.19 

0.28 0.05 

0.19 0.05 

FLDIO 

78.22 

3.30 

9.89 

0.51 

4.05 

0.29 

3.86 

0.15 

0.03 

0.04 

1.93 

0.10 

0.13 0.05 

0.13 0.05 

FLDIO 

73.99 

3.12 

15.05 

0.75 

6.10 

0.42 

5.29 

0.20 

0.03 

0.04 

2.08 

0.10 

0.06 0.05 

0.23 0.06 

FLDIO 

101.43 

4.26 

0.31 

0.07 

0.11 

0.04 

0.06 

0.04 

0.03 

0.04 

0.09 

0.04 

0.03 0.05 

0.03 0.05 

FLDIO 

65.64 

2.78 

16.64 

0.82 

7.81 

0.52 

5.69 

0.21 

0.07 

0.04 

2.14 

0.10 

0.03 0.05 

0.05 0.05 

FLDIO 

78.49 

3.31 

13.47 

0.67 

5.22 

0.36 

4.65 

0.18 

0.03 

0.04 

1.86 

0.10 

0.05 0.05 

0.24 0.06 

FLDIO 

98.89 

4.16 

0.28 

0.06 

0.05 

0.04 

0.03 

0.03 

0.03 

0.04 

0.03 

0.04 

0.03 0.05 

0.03 0.05 

FLDIO 

76.54 

3.23 

12.17 

0.61 

4.82 

0.34 

4.35 

0.17 

0.06 

0.04 

1.95 

0.10 

0.03 0.05 

0.21 0.06 

FLDIO 

65.28 

2.76 

15.14 

0.75 

5.89 

0.40 

4.97 

0.19 

0.93 

0.07 

3.88 

0.16 

0.12 0.05 

0.18 0.05 

FLDIO 

64.99 

2.75 

16.05 

0.79 

6.39 

0.43 

5.87 

0.21 

0.09 

0.04 

2.80 

0.12 

0.08 0.05 

0.03 0.05 

FLDIO 

88.94 

3.74 

6.46 

0.35 

2.39 

0.19 

2.36 

0.11 

0.03 

0.04 

0.86 

0.06 

0.03 0.05 

0.15 0.05 

FLDIO 

76.99 

3.25 

12.02 

0.61 

4.72 

0.33 

4.29 

0.16 

0.03 

0.04 

1.75 

0.09 

0.14 0.05 

0.08 0.05 

FLDIO 

65.68 

2.78 

16.51 

0.81 

6.27 

0.43 

5.43 

0.20 

0.53 

0.05 

2.11 

0.10 

0.12 0.05 

0.16 0.05 

FLDIO 

83.01 

3.50 

7.06 

0.38 

3.07 

0.23 

2.84 

0.12 

0.03 

0.04 

1.74 

0.09 

0.11 0.05 

0.23 0.06 

FLDIO 

84.30 

3.55 

8.91 

0.46 

3.54 

0.26 

3.14 

0.13 

0.03 

0.04 

1.25 

0.08 

0.06 0.05 

0.03 0.05 

FLDIO 

78.81 

3.32 

9.24 

0.48 

3.46 

0.25 

3.74 

0.15 

0.03 

0.04 

1.28 

0.08 

0.03 0.05 

0.12 0.05 

FLDIO 

67.49 

2.86 

17.18 

0.85 

6.49 

0.44 

5.89 

0.21 

0.03 

0.04 

2.19 

0.11 

0.08 0.05 

0.12 0.05 

FLDIO 

76.54 

3.23 

10.45 

0.53 

4.09 

0.29 

3.95 

0.15 

0.03 

0.04 

1.46 

0.08 

0.07 0.05 

0.03 0.05 

FLDIO 

68.60 

2.90 

15.00 

0.74 

5.68 

0.39 

5.18 

0.19 

0.33 

0.05 

3.07 

0.13 

0.74 0.07 

0.24 0.06 

FLDIO 

70.66 

2.99 

14.96 

0.74 

5.70 

0.39 

5.20 

0.19 

0.10 

0.04 

2.31 

0.11 

0.06 0.05 

0.22 0.06 

FLDIO 

73.01 

3.08 

12.87 

0.65 

5.00 

0.35 

4.56 

0.17 

0.03 

0.04 

2.09 

0.10 

0.10 0.05 

0.05 0.05 

FLDIO 

78.59 

3.32 

9.89 

0.51 

3.98 

0.28 

3.78 

0.15 

0.03 

0.04 

1.89 

0.10 

0.03 0.05 

0.20 0.06 

FLDIO 

71.56 

3.02 

12.34 

0.62 

3.02 

0.22 

3.35 

0.14 

2.60 

0.12 

2.77 

0.12 

0.28 0.05 

0.48 0.07 

FLDIO 

78.82 

3.33 

10.01 

0.51 

2.77 

0.21 

3.37 

0.14 

0.54 

0.05 

2.25 

0.11 

0.73 0.07 

0.19 0.05 

FLDIO 

76.58 

3.23 

11.25 

0.57 

4.13 

0.29 

4.07 

0.16 

0.03 

0.04 

1.63 

0.09 

0.07 0.05 

0.03 0.05 

FLDIO 

68.98 

2.92 

13.80 

0.69 

5.52 

0.38 

5.16 

0.19 

0.03 

0.04 

3.10 

0.13 

0.06 0.05 

0.03 0.05 

FLDIO 

81.98 

3.46 

8.26 

0.43 

2.94 

0.22 

3.27 

0.13 

0.03 

0.04 

1.25 

0.08 

0.03 0.05 

0.03 0.05 

FLDIO 

77.65 

3.28 

11.39 

0.58 

4.34 

0.31 

4.07 

0.16 

0.07 

0.04 

1.82 

0.09 

0.03 0.05 

0.25 0.06 

FLDIO 

74.82 

3.16 

13.23 

0.66 

1.99 

0.35 

4.60 

0.17 

0.03 

0.04 

1.84 

0.09 

0.03 0.05 

0.22 0.06 

FLDIO 

72.12 

3.05 

10.88 

0.55 

4.88 

0.34 

4.36 

0.17 

0.06 

0.04 

3.87 

0.16 

0.20 0.05 

0.61 0.08 

FLDIO 

72.22 

3.05 

13.49 

0.67 

3.48 

0.25 

4.29 

0.16 

0.92 

0.07 

2.64 

0.12 

0.22 0.05 

0.42 0.07 

FLDIO 

102.69 

4.31 

0.50 

0.07 

0.19 

0.05 

0.20 

0.04 

0.12 

0.04 

0.12 

0.04 

0.03 0.05 

0.03 0.05 

FLDIO 

73.44 

3.10 

12.53 

0.63 

3.86 

0.28 

4.23 

0.16 

1.62 

0.09 

2.56 

0.12 

0.20 0.05 

0.42 0.07 

FLDIO 

75.89 

3.20 

11.99 

0.61 

4.52 

0.32 

4.48 

0.17 

0.03 

0.04 

1.56 

0.09 

0.03 0.05 

0.03 0.05 

FLDIO 

85.81 

3.61 

9.26 

0.48 

3.43 

0.25 

3.23 

0.13 

0.03 

0.04 

1.17 

0.07 

0.03 0.05 

0.21 0.06 

FLDIO 

82.86 

3.49 

8.58 

0.45 

3.31 

0.24 

3.12 

0.13 

0.03 

0.04 

1.36 

0.08 

0.03 0.05 

0.03 0.05 

FLDIO 

74.90 

3.16 

11.40 

0.58 

5.05 

0.35 

4.45 

0.17 

0.03 

0.04 

3.92 

0.16 

0.15 0.05 

0.18 0.05 

FLDIO 

74.79 

3.16 

11.40 

0.58 

3.00 

0.22 

3.87 

0.15 

1.92 

0.10 

2.53 

0.12 

0.25 0.05 

0.42 0.07 

FLDIO 

67.66 

2.86 

14.63 

0.73 

3.76 

0.27 

4.03 

0.16 

1.77 

0.09 

3.41 

0.14 

0.48 0.06 

0.87 0.09 

FLDIO 

85.64 

3.61 

6.84 

0.37 

1.88 

0.15 

2.75 

0.12 

0.46 

0.05 

2.44 

0.11 

0.35 0.06 

0.22 0.06 

FLDIO 

72.27 

3.05 

12.27 

0.62 

3.33 

0.24 

4.01 

0.16 

1.64 

0.09 

3.47 

0.14 

0.34 0.06 

0.52 0.07 

FLDIO 

72.64 

3.07 

13.29 

0.67 

5.38 

0.37 

4.88 

0.18 

0.03 

0.04 

3.17 

0.14 

0.03 0.05 

0.19 0.05 

FLDIO 

73.53 

3.11 

12.08 

0.61 

4.74 

0.33 

4.41 

0.17 

0.03 

0.04 

3.27 

0.14 

0.03 0.05 

0.26 0.06 

FLDIO 

78.25 

3.30 

12.56 

0.63 

4.68 

0.33 

4.51 

0.17 

0.06 

0.04 

1.65 

0.09 

0.03 0.05 

0.21 0.06 

FLDIO 

68.97 

2.92 

13.08 

0.66 

3.38 

0.25 

3.86 

0.15 

2.77 

0.12 

3.01 

0.13 

0.36 0.06 

0.60 0.08 
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FLD10 70.12 2.96 12.43 0.63 3.47 0.25 4.13 

FLD10 89.07 3.75 4.97 0.28 1.29 0.12 1.99 

FLD10 77.87 3.29 11.22 0.57 4.01 0.29 4.14 

FLD10 70.33 2.97 11.86 0.60 4.91 0.34 4.75 

FLD10 80.34 3.39 9.60 0.50 3.46 0.25 3.72 

FLD10 67.99 2.88 14.20 0.71 3.96 0.28 4.20 

FLD10 86.52 3.64 6.42 0.35 1.62 0.14 2.28 

FLD10 71.35 3.02 11.93 0.60 3.51 0.25 4.24 

FLD10 78.74 3.32 9.15 0.47 2.71 0.21 3.19 

FLD10 74.77 3.16 11.23 0.57 3.48 0.25 4.44 

FLD10 68.86 2.91 13.69 0.68 4.87 0.34 4.77 

FLD10 73.39 3.10 12.78 0.64 3.25 0.24 3.37 

FLD10 72.26 3.05 13.10 0.66 3.30 0.24 3.36 

FLD10 73.75 3.12 11.80 0.60 3.08 0.23 3.31 

FLD10 69.66 2.95 13.63 0.68 3.93 0.28 4.19 

FLD10 81.08 3.42 9.18 0.48 2.23 0.18 3.18 

FLD10 71.19 3.01 12.42 0.63 3.12 0.23 3.30 

FLD10 73.70 3.11 13.08 0.66 3.22 0.24 3.61 

FLD10 72.71 3.07 12.73 0.64 3.57 0.26 3.87 

FLD10 75.14 3.17 13.83 0.69 3.88 0.28 4.65 

FLD10 72.15 3.05 12.23 0.62 3.17 0.23 3.90 

FLD10 73.93 3.12 11.91 0.60 3.05 0.23 3.88 

FLD10 68.09 2.88 13.61 0.68 3.58 0.26 3.80 

FLD10 72.57 3.07 13.08 0.66 3.36 0.25 3.73 

FLD10 81.54 3.44 8.94 0.46 2.47 0.19 3.40 

FLD10 72.10 3.05 13.01 0.65 3.13 0.23 3.56 

FLD10 62.77 2.66 17.69 0.87 4.30 0.30 4.29 

FLD10 78.28 3.30 12.06 0.61 2.78 0.21 4.09 

FLD10 71.07 3.00 13.23 0.66 3.39 0.25 3.86 

FLD10 66.24 2.80 16.40 0.81 3.86 0.28 4.03 

FLD10 66.57 2.82 14.42 0.72 3.13 0.23 3.70 

FLD10 73.50 3.10 13.52 0.68 3.22 0.24 3.60 

FLD10 70.26 2.97 13.17 0.66 3.39 0.25 3.66 

FLD10 77.43 3.27 11.01 0.56 3.07 0.23 3.74 

FLD11 69.86 2.95 17.25 0.85 3.27 0.24 3.84 

FLD11 73.17 3.09 13.24 0.66 3.05 0.23 3.73 

FLD11 72.37 3.06 13.23 0.66 3.13 0.23 3.59 

FLD11 74.23 3.14 13.31 0.67 3.24 0.24 3.90 

FLD11 70.56 2.98 16.11 0.80 4.05 0.29 4.73 

FLD11 75.17 3.17 13.77 0.69 3.23 0.24 3.93 

FLD11 75.05 3.17 13.69 0.68 3.26 0.24 3.76 

FLD11 71.96 3.04 15.75 0.78 2.91 0.22 3.21 

FLD11 73.87 3.12 13.15 0.66 2.78 0.21 3.27 

FLD11 72.87 3.08 16.59 0.82 4.00 0.29 4.52 

FLD11 67.89 2.87 17.35 0.85 2.98 0.22 3.17 

FLD11 68.58 2.90 15.41 0.76 3.31 0.24 3.82 

FLD11 74.56 3.15 13.89 0.69 3.28 0.24 3.81 

FLD11 70.63 2.99 15.63 0.77 3.80 0.27 4.39 

FLD11 68.16 2.88 17.40 0.86 3.74 0.27 4.13 

FLD11 74.37 3.14 16.37 0.81 3.95 0.28 4.63 

FLD11 70.90 3.00 15.63 0.77 3.63 0.26 4.20 

FLD11 71.25 3.01 14.56 0.72 3.61 0.26 4.30 

FLD11 72.26 3.05 13.87 0.69 3.46 0.25 3.99 

FLD11 75.30 3.18 13.58 0.68 3.48 0.25 4.24 

FLD11 72.60 3.07 14.24 0.71 3.66 0.26 4.03 

FLD11 68.28 2.89 13.41 0.67 3.43 0.25 3.10 

FLD11 72.48 3.06 15.71 0.78 3.44 0.25 4.13 

FLD11 69.72 2.95 17.07 0.84 4.34 0.31 4.73 

FLD11 67.89 2.87 17.20 0.85 3.85 0.28 4.28 

FLD11 68.06 2.88 19.18 0.94 4.02 0.29 3.89 

FLD11 69.96 2.96 17.74 0.87 3.63 0.26 3.60 

FLD11 68.85 2.91 15.59 0.77 3.76 0.27 4.32 


0.16 2.78 0.12 2.45 0.11 0.22 0.05 0.69 0.08 

0.09 0.71 0.06 0.93 0.07 0.07 0.05 0.20 0.06 

0.16 0.03 0.04 1.39 0.08 0.07 0.05 0.18 0.05 

0.18 0.03 0.04 4.23 0.17 0.49 0.06 0.43 0.07 

0.15 0.03 0.04 1.30 0.08 0.03 0.05 0.13 0.05 

0.16 1.85 0.09 3.18 0.14 0.15 0.05 0.48 0.07 

0.10 0.46 0.05 1.26 0.08 0.16 0.05 0.17 0.05 

0.16 2.76 0.12 2.12 0.10 0.19 0.05 0.63 0.08 

0.13 1.38 0.08 1.91 0.10 0.19 0.05 0.55 0.07 

0.17 0.70 0.06 3.13 0.13 1.08 0.08 0.20 0.06 

0.18 0.60 0.06 2.76 0.12 0.43 0.06 0.15 0.05 

0.14 2.32 0.11 2.83 0.12 0.33 0.06 0.44 0.07 

0.14 2.40 O.li 2.69 0.12 0.35 0.06 0.44 0.07 

0.13 2.34 0.11 2.53 0.12 0.25 0.05 0.37 0.06 

0.16 2.00 0.10 2.43 0.11 0.14 0.05 0.56 0.07 

0.13 0.72 0.06 2.21 0.11 0.42 0.06 0.68 0.08 

0.13 4.76 0.18 2.47 0.11 0.41 0.06 0.61 0.08 

0.14 2.08 0.10 2.53 0.12 0.30 0.06 0.47 0.07 

0.15 2.54 0.12 2.45 0.11 0.23 0.05 0.53 0.07 

0.18 0.34 0.05 1.53 0.08 0.21 0.05 0.21 0.06 

0.15 1.70 0.09 2.52 0.12 0.28 0.05 0.39 0.07 

0.15 1.82 0.09 1.53 0.08 0.09 0.05 0.35 0.06 

0.15 4.80 0.18 2.08 0.10 0.16 0.05 0.49 0.07 

0.15 2.20 0.10 2.71 0.12 0.37 0.06 0.57 0.07 

0.14 0.35 0.05 1.57 0.09 0.03 0.05 0.03 0.05 

0.14 2.54 0.12 2.85 0.13 0.37 0.06 0.60 0.08 

0.16 3.13 0.13 3.28 0.14 0.34 0.06 0.34 0.06 

0.16 0.48 0.05 1.13 0.07 0.39 0.06 0.40 0.07 

0.15 1.85 0.09 2.78 0.12 0.33 0.06 0.54 0.07 

0.16 3.30 0.14 2.01 0.10 0.13 0.05 0.25 0.06 

0.15 4.86 0.18 2.75 0.12 1.33 0.09 0.71 0.08 

0.14 1.85 0.09 2.68 0.12 0.29 0.06 0.50 0.07 

0.15 2.65 0.12 2.65 0.12 0.32 0.06 0.51 0.07 

0.15 1.35 0.08 2.14 0.10 0.21 0.05 0.37 0.06 

0.15 2.65 0.12 3.44 0.14 0.57 0.06 1.19 0.11 

0.15 3.81 0.15 2.75 0.12 0.41 0.06 0.72 0.08 

0.14 2.76 0.12 2.58 0.12 0.30 0.06 0.60 0.08 

0.15 3.51 0.14 2.62 0.12 0.30 0.06 0.70 0.08 

0.18 2.66 0.12 1.89 0.10 0.15 0.05 0.44 0.07 

0.15 3.49 0.14 2.42 0.11 0.25 0.05 0.57 0.07 

0.15 3.42 0.14 2.80 0.12 0.29 0.06 0.74 0.08 

0.13 4.37 0.17 2.73 0.12 0.29 0.06 0.63 0.08 

0.13 3.89 0.16 2.58 0.12 0.25 0.05 0.57 0.07 

0.17 1.60 0.09 2.71 0.12 0.49 0.06 0.72 0.08 

0.13 4.99 0.19 2.74 0.12 0.43 0.06 0.66 0.08 

0.15 3.03 0.13 3.57 0.15 0.50 0.06 0.97 0.10 

0.15 3.35 0.14 2.65 0.12 0.36 0.06 0.69 0.08 

0.17 2.35 011 3.50 0.15 0.52 0.06 1.06 0.10 

0.16 1.81 0.09 3.35 0.14 0.55 0.06 0.88 0.09 

0.18 1.01 0.07 2.59 0.12 0.38 0.06 0.67 0.08 

0.16 2.43 0.11 3.64 0.15 0.43 0.06 0.77 0.09 

0.16 2.15 0.10 3.12 0.13 0.33 0.06 0.80 0.09 

0.16 3.12 0.13 2.89 0.13 0.41 0.06 0.78 0.09 

0.16 2.28 0.11 2.43 0.11 0.35 0.06 0.60 0.08 

0.16 3.35 0.14 2.86 0.13 0.37 0.06 0.83 0.09 

0.13 9.84 0.34 3.11 0.13 0.18 0.05 1.04 0.10 

0.16 1.72 0.09 2.94 0.13 0.47 0.06 0.85 0.09 

0.18 1.81 0.09 3.09 0.13 0.33 0.06 0.56 0.07 

0.16 1.99 0.10 3.58 0.15 0.48 0.06 1.00 0.10 

0.15 3.08 0.13 3.18 0.14 0.49 0.06 1.05 0.10 

0.14 4.15 0.16 2.70 0.12 0.31 0.06 0.68 0.08 

0.17 2.16 0.10 3.19 0.14 0.37 


0.06 
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FLDll 72.74 
FLD11 71.42 
FLDll 74.76 
FLDll 69.30 
FLDll 69.39 
FLDll 71.30 
FLDll 94.33 
FLDll 72.02 
FLDll 67.59 
FLDll 67.18 
FLDll 72.87 
FLDll 75.38 
FLDll 72.15 
FLDll 73.86 
FLDll 71.21 
FLDll 70.16 
FLDll 70.89 
FLDll 72.19 
FLDll 66.90 
FLDll 77.24 
FLDll 71.55 
FLDll 72.85 
FLDll 97.55 
FLDll 71.77 
FLDll 75.32 
FLDll 74.08 
FLDll 74.19 
FLDll 73.34 
FLDll 69.56 
FLDll 72.36 
FLDll 74.78 
FLDll 81.95 
FLDll 68.22 
FLDll 74.44 
FLDll 72.99 
FLDll 71.27 
FLDll 70.97 
FLDll 73.07 
FLDll 72.37 
FLDll 71.75 
FLDll 71.78 
FLDll 71.69 
FLDll 75.06 
FLDll 72.19 
FLDll 70.99 
FLDll 71.94 
FLDll 75.15 
FLDll 74.85 
FLDll 70.49 
FLDll 76.29 
FLDll 74.31 
FLDll 72.58 
FLDll 69.39 
FLDll 74.92 
FLDll 89.12 
FLDll 67.72 
FLDll 74.32 
FLDll 73.77 
FLDll 71.99 
FLDll 73.83 
FLDll 70.83 
FLDll 70.32 


3.07 15.29 0.76 

3.02 15.62 0.77 

3.16 13.63 0.68 

2.93 16.56 0.82 

2.93 17.34 0.85 

3.01 14.29 0.71 

3.97 5.39 0.30 

3.04 16.74 0.83 

2.86 14.32 0.71 

2.84 17.19 0.85 

3.08 13.75 0.69 

3.18 12.38 0.62 

3.05 16.19 0.80 

3.12 14.99 0.74 

3.01 15.93 0.79 

2.97 15.06 0.75 

3.00 17.16 0.84 

3.05 15.12 0.75 

2.83 19.56 0.96 

3.26 11.89 0.60 

3.02 14.29 0.71 

3.08 14.35 0.71 

4.10 2.69 0.18 

3.03 15.13 0.75 

3.18 13.37 0.67 

3.13 14.09 0.70 

3.13 14.81 0.74 

3.10 12.73 0.64 

2.94 16.88 0.83 

3.06 14.58 0.73 

3.16 14.15 0.71 

3.45 11.72 0.59 

2.89 16.31 0.81 

3.14 13.29 0.67 

3.08 14.49 0.72 

3.01 14.39 0.72 

3.00 16.05 0.79 

3.09 14.84 0.74 

3.06 15.90 0.79 

3.03 14.43 0.72 

3.03 13.75 0.69 

3.03 17.13 0.84 

3.17 14.09 0.70 

3.05 14.76 0.73 

3.00 15.26 0.76 

3.04 15.22 0.76 

3.17 14.07 0.70 

3.16 14.06 0.70 

2.98 16.16 0.80 

3.22 13.24 0.66 

3.14 13.65 0.68 

3.07 13.61 0.68 

2.93 16.71 0.82 

3.16 12.53 0.63 

3.75 7.05 0.38 

2.87 16.49 0.81 

3.14 14.88 0.74 

3.12 15.11 0.75 

3.04 14.54 0.72 

3.12 15.03 0.75 

2.99 16.46 0.81 

2.97 13.65 0.68 


3.64 0.26 4.05 

3.34 0.24 3.79 

3.07 0.23 3.93 

3.74 0.27 4.55 

3.87 0.28 4.39 

3.79 0.27 3.91 

1.41 0.12 2.12 

3.72 0.27 4.45 

3.60 0.26 4.01 

3.96 0.28 4.28 

3.56 0.26 4.06 

3.36 0.25 4.67 

3.72 0.27 4.27 

2.92 0.22 3.30 

3.70 0.27 4.62 

3.53 0.26 4.36 

4.00 0.29 4.19 

3.42 0.25 3.98 

3.50 0.25 5.54 

3.36 0.25 4.17 

3.43 0.25 3.81 

2.98 0.22 3.46 

0.84 0.09 1.08 

3.01 0.22 3.63 

2.95 0.22 3.60 

3.40 0.25 4.13 

3.69 0.27 4.14 

3.42 0.25 4.15 

2.86 0.21 2.79 

3.90 0.28 4.26 

3.68 0.27 3.90 

3.88 0.28 4.51 

5.35 0.37 5.14 

3.47 0.25 3.85 

3.63 0.26 3.80 

3.48 0.25 3.89 

3.05 0.23 3.23 

3.51 0.25 4.10 

3.70 0.27 3.93 

3.72 0.27 4.31 

3.57 0.26 3.78 

4.08 0.29 4.19 

3.32 0.24 4.35 

3.70 0.27 4.02 

3.01 0.22 3.25 

3.11 0.23 3.20 

2.96 0.22 3.48 

3.37 0.25 3.88 

4.38 0.31 4.20 

3.72 0.27 4.50 

3.57 0.26 3.89 

3.93 0.28 4.01 

4.39 0.31 4.02 

3.69 0.27 3.50 

1.87 0.15 2.87 

3.94 0.28 4.04 

4.26 0.30 4.02 

3.22 0.24 3.41 

3.76 0.27 4.13 

3.98 0.28 4.65 

4.02 0.29 4.34 

3.68 0.27 3.97 


0.16 2.88 0.13 

0.15 3.04 0.13 

0.15 2.50 0.11 

0.17 2.49 0.11 

0.17 1.85 0.09 

0.15 3.82 0.15 

0.10 0.07 0.04 

0.17 1.33 0.08 

0.16 4.28 0.17 

0.16 4.44 0.17 

0.16 2.32 0.11 

0.18 1.38 0.08 

0.16 2.80 0.12 

0.13 4.11 0.16 

0.17 2.31 0.11 

0.17 3.75 0.15 

0.16 4.43 0.17 

0.16 3.19 0.13 

0.20 1.67 0.09 

0.16 3.10 0.13 

0.15 2.89 0.13 

0.14 3.15 0.13 

0.07 0.33 0.05 

0.14 3.27 0.14 

0.14 3.29 0.14 

0.16 1.44 0.08 

0.16 1.16 0.07 

0.16 3.54 0.15 

0.12 4.65 0.18 

0.16 2.75 0.12 

0.15 2.66 0.12 

0.17 0.03 0.04 

0.19 0.39 0.05 

0.15 2.05 0.10 

0.15 2.80 0.12 

0.15 2.51 0.11 

0.13 4.09 0.16 

0.16 2.83 0.12 

0.15 2.01 0.10 

0.17 1.33 0.08 

0.15 3.38 0.14 

0.16 2.58 0.12 

0.17 1.42 0.08 

0.16 3.30 0.14 

0.13 4.01 0.16 

0.13 4.04 0.16 

0.14 3.89 0.16 

0.15 2.94 0.13 

0.16 3.40 0.14 

0.17 1.92 0.10 

0.15 3.03 0.13 

0.16 3.72 0.15 

0.16 2.76 0.12 

0.14 4.21 0.17 

0.12 0.59 0.06 

0.16 3.27 0.14 

0.16 1.81 0.09 

0.14 3.95 0.16 

0.16 3.74 0.15 

0.18 2.09 0.10 

0.17 2.37 0.11 

0.15 2.80 0.12 


3.12 0.13 0.36 

2.95 0.13 0.42 

3.14 0.13 0.32 

3.09 0.13 0.51 

3.44 0.14 0.47 

3.41 0.14 0.30 

0.20 0.04 0.05 

3.14 0.13 0.35 

4.05 0.16 0.41 

3.36 0.14 0.42 

3.50 0.15 0.28 

3.45 0.14 0.36 

3.29 0.14 0.38 

2.64 0.12 0.34 

2.79 0.12 0.52 

2.80 0.12 0.33 

1.94 0.10 0.26 

2.95 0.13 0.39 

3.73 0.15 0.59 

2.28 0.11 0.13 

3.03 0.13 0.37 

2.53 0.12 0.36 

0.92 0.07 0.03 

2.90 0.13 0.30 

2.58 0.12 0.21 

3.40 0.14 0.53 

3.27 0.14 0.32 

2.92 0.13 0.34 

2.84 0.13 0.38 

2.84 0.13 0.28 

3.11 0.13 0.47 

1.70 0.09 0.08 

4.01 0.16 0.28 

3.03 0.13 0.38 

2.77 0.12 0.34 

3.12 0.13 0.39 

2.68 0.12 0.35 

3.01 0.13 0.47 

3.08 0.13 0.52 

3.16 0.14 0.36 

3.66 0.15 0.38 

2.94 0.13 0.40 

3.04 0.13 0.41 

3.26 0.14 0.34 

2.70 0.12 0.35 

2.34 0.11 0.31 

2.64 0.12 0.27 

2.54 0.12 0.32 

3.30 0.14 0.28 

2.80 0.12 0.28 

2.61 0.12 0.34 

2.79 0.12 0.40 

2.62 0.12 0.38 

2.73 0.12 0.32 

1.22 0.08 0.13 

3.39 0.14 0.52 

2.54 0.12 0.30 

2.60 0.12 0.32 

3.13 0.13 0.42 

2.40 0.11 0.32 

2.81 0.12 0.37 

4.66 0.18 0.50 


0.06 0.75 0.08 

0.06 0.77 0.09 

0.06 0.71 0.08 

0.06 0.90 0.09 

0.06 0.94 0.09 

0.06 0.93 0.09 

0.05 0.03 0.05 

0.06 0.74 0.08 

0.06 1.10 0.10 

0.06 1.02 0.10 

0.06 1.07 0.10 

0.06 0.59 0.08 

0.06 0.99 0.10 

0.06 0.65 0.08 

0.06 0.69 0.08 

0.06 0.71 0.08 

0.05 0.63 0.08 

0.06 0.83 0.09 

0.06 1.39 0.12 

0.05 0.57 0.08 

0.06 0.82 0.09 

0.06 0.65 0.08 

0.05 0.27 0.06 

0.06 0.60 0.08 

0.05 0.52 0.07 

0.06 0.93 0.09 

0.06 0.53 0.07 

0.06 0.73 0.08 

0.06 0.66 0.08 

0.06 0.69 0.08 

0.06 0.84 0.09 

0.05 0.03 0.05 

0.05 0.28 0.06 

0.06 0.70 0.08 

0.06 0.64 0.08 

0.06 1.00 0.10 

0.06 0.60 0.08 

0.06 0.81 0.09 

0.06 0.81 0.09 

0.06 0.78 0.09 

0.06 0.67 0.08 

0.06 0.79 0.09 

0.06 0.59 0.08 

0.06 0.93 0.09 

0.06 0.62 0.08 

0.06 0.59 0.08 

0.05 0.60 0.08 

0.06 0.63 0.08 

0.06 0.82 0.09 

0.05 0.51 0.07 

0.06 0.63 0.08 

0.06 0.72 0.08 

0.06 0.84 0.09 

0.06 0.78 0.09 

0.05 0.31 0.06 

0.06 1.00 0.10 

0.06 0.75 0.08 

0.06 0.70 0.08 

0.06 0.97 0.10 

0.06 0.63 0.08 

0.06 0.87 0.09 

0.06 1.63 0.13 
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FLDll 72.58 
FLD11 71.89 
FLDll 73.49 
FLDll 75.52 
FLDll 75.49 
FLDll 75.20 
FLDll 74.85 
FLDll 75.79 
FLDll 69.17 
FLDll 74.18 
FLDll 74.83 
FLDll 76.35 
FLDll 72.52 
FLDll 68.56 
FLDll 73.79 
FLDll 83.01 
FLDll 74.91 
FLDll 77.75 
FLDll 77.19 
FLDll 71.48 
FLDll 74.37 
FLDll 73.55 
FLDll 71.03 
FLDll 73.19 
FLDll 73.40 
FLDll 70.07 
FLDll 71.75 
FLDll 72.48 
FLDll 75.22 
FLDll 74.16 
FLDll 72.27 
FLDll 75.38 
FLDll 73.09 
FLDll 73.84 
FLDll 72.96 
FLDll 69.77 
FLDll 75.12 
FLDll 74.46 
FLDll 73.02 
FLDll 72.68 
FLDll 72.41 
FLDll 75.30 
FLDll 79.36 
FLDll 73.05 
FLDll 73.99 
FLDll 73.65 
FLDll 74.72 
FLDll 71.58 
FLDll 69.97 
FLDll 71.63 
FLDll 74.40 
FLDll 72.89 
FLDll 73.10 
FLDll 73.52 
FLDll 73.58 
FLDll 73.77 
FLDll 75.03 
FLDll 73.91 
FLDll 71.45 
FLDll 71.38 
FLDll 73.41 
FLDll 73.64 


3.07 12.57 0.63 

3.04 12.54 0.63 

3.10 15.58 0.77 

3.19 13.10 0.66 

3.19 13.22 0.66 

3.17 13.37 0.67 

3.16 12.85 0.65 

3.20 13.27 0.66 

2.93 20.22 0.99 

3.13 14.05 0.70 

3.16 13.79 0.69 

3.22 14.36 0.72 

3.06 15.85 0.78 

2.90 17.03 0.84 

3.12 11.92 0.60 

3.50 9.39 0.49 

3.16 13.95 0.70 

3.28 12.06 0.61 

3.26 13.20 0.66 

3.02 14.53 0.72 

3.14 13.56 0.68 

3.11 14.82 0.74 

3.00 14.69 0.73 

3.09 12.74 0.64 

3.10 15.16 0.75 

2.96 14.50 0.72 

3.03 14.99 0.74 

3.06 15.12 0.75 

3.18 14.13 0.70 

3.13 14.39 0.72 

3.05 14.86 0.74 

3.18 14.03 0.70 

3.09 14.63 0.73 

3.12 13.75 0.69 

3.08 13.85 0.69 

2.95 15.67 0.78 

3.17 14.24 0.71 

3.14 15.46 0.77 

3.08 13.50 0.68 

3.07 13.59 0.68 

3.06 14.19 0.71 

3.18 14.08 0.70 

3.35 11.63 0.59 

3.09 13.40 0.67 

3.13 14.24 0.71 

3.11 13.12 0.66 

3.16 14.15 0.71 

3.02 14.67 0.73 

2.96 13.82 0.69 

3.03 15.70 0.78 

3.14 14.90 0.74 

3.08 13.57 0.68 

3.09 14.30 0.71 

3.11 13.82 0.69 

3.11 14.42 0.72 

3.12 13.07 0.66 

3.17 13.34 0.67 

3.12 13.80 0.69 

3.02 15.02 0.75 

3.02 15.10 0.75 

3.10 14.47 0.72 

3.11 14.18 0.71 


3.62 0.26 3.79 

3.64 0.26 3.98 

3.21 0.24 3.57 

3.43 0.25 3.99 

3.76 0.27 4.43 

3.64 0.26 4.17 

3.48 0.25 4.16 

3.30 0.24 3.95 

5.70 0.39 4.85 

3.56 0.26 4.10 

3.37 0.25 3.85 

3.09 0.23 4.02 

3.67 0.26 4.05 

4.12 0.29 4.08 

3.32 0.24 3.67 

2.40 0.19 3.07 

3.52 0.26 4.21 

3.06 0.23 3.89 

3.47 0.25 4.44 

3.43 0.25 4.38 

3.09 0.23 3.65 

2.76 0.21 3.25 

3.24 0.24 3.65 

3.28 0.24 3.72 

3.75 0.27 4.45 

3.36 0.25 3.85 

3.71 0.27 4.49 

3.76 0.27 4.39 

3.47 0.25 3.81 

3.54 0.26 4.19 

3.61 0.26 3.96 

3.29 0.24 3.79 

3.50 0.25 4.13 

3.73 0.27 4.26 

3.51 0.25 4.37 

4.17 0.30 4.58 

3.09 0.23 3.68 

3.07 0.23 4.30 

3.38 0.25 4.46 

3.62 0.26 4.09 

3.52 0.26 3.94 

3.61 0.26 3.99 

2.87 0.22 3.56 

3.29 0.24 3.92 

3.61 0.26 4.07 

3.79 0.27 4.10 

3.38 0.25 4.11 

3.41 0.25 3.51 

3.43 0.25 4.18 

3.49 0.25 3.70 

3.53 0.26 4.34 

3.58 0.26 3.98 

3.16 0.23 3.74 

3.44 0.25 4.05 

3.70 0.27 4.12 

3.60 0.26 4.11 

3.62 0.26 3.99 

3.59 0.26 4.14 

3.56 0.26 4.26 

3.65 0.26 4.11 

3.46 0.25 4.04 

3.47 0.25 4.17 


0.15 3.92 0.16 

0.16 3.65 0.15 

0.14 4.17 0.16 

0.16 3.35 0.14 

0.17 2.50 0.11 

0.16 3.28 0.14 

0.16 3.34 0.14 

0.15 3.24 0.14 

0.18 0.61 0.06 

0.16 2.21 0.11 

0.15 2.88 0.13 

0.16 1.03 0.07 

0.16 2.04 0.10 

0.16 1.37 0.08 

0.15 4.02 0.16 

0.13 2.42 0.11 

0.16 1.89 0.10 

0.15 1.24 0.08 

0.17 1.43 0.08 

0.17 1.19 0.07 

0.15 4.31 0.17 

0.13 3.98 0.16 

0.15 4.18 0.16 

0.15 3.72 0.15 

0.17 1.42 0.08 

0.15 3.41 0.14 

0.17 1.59 0.09 

0.17 1.61 0.09 

0.15 3.32 0.14 

0.16 2.60 0.12 

0.15 3.82 0.15 

0.15 3.09 0.13 

0.16 2.85 0.12 

0.16 3.57 0.15 

0.17 1.21 0.07 

0.17 2.12 0.10 

0.15 3.54 0.15 

0.17 1.16 0.07 

0.17 2.02 0.10 

0.16 3.32 0.14 

0.15 3.28 0.14 

0.16 2.90 0.13 

0.14 2.33 0.11 

0.15 2.97 0.13 

0.16 3.73 0.15 

0.16 2.56 0.12 

0.16 3.57 0.15 

0.14 5.33 0.20 

0.16 3.65 0.15 

0.15 4.14 0.16 

0.17 1.43 0.08 

0.16 3.05 0.13 

0.15 3.63 0.15 

0.16 3.37 0.14 

0.16 3.78 0.15 

0.16 4.12 0.16 

0.16 3.26 0.14 

0.16 2.52 0.11 

0.16 2.22 0.11 

0.16 3.39 0.14 

0.16 2.23 0.11 

0.16 1.82 0.09 


3.30 0.14 0.35 

3.20 0.14 0.44 

2.81 0.12 0.39 

2.87 0.13 0.31 

2.84 0.13 0.32 

2.93 0.13 0.36 

2.69 0.12 0.33 

2.77 0.12 0.37 

2.16 0.10 0.07 

2.86 0.13 0.31 

2.95 0.13 0.33 

2.72 0.12 0.24 

3.00 0.13 0.40 

3.64 0.15 0.64 

4.44 0.17 0.27 

1.76 0.09 0.16 

2.90 0.13 0.32 

2.72 0.12 0.36 

2.00 0.10 0.21 

3.08 0.13 0.41 

3.00 0.13 0.31 

2.62 0.12 0.30 

2.58 0.12 0.34 

3.13 0.13 0.29 

2.92 0.13 0.31 

4.03 0.16 0.48 

3.65 0.15 0.58 

3.06 0.13 0.40 

2.65 0.12 0.37 

3.07 0.13 0.50 

2.63 0.12 0.48 

2.88 0.13 0.41 

2.57 0.12 0.29 

2.52 0.12 0.31 

2.88 0.13 0.29 

2.85 0.13 0.17 

2.76 0.12 0.30 

2.37 0.11 0.41 

3.89 0.16 0.37 

2.87 0.13 0.31 

3.67 0.15 0.43 

2.92 0.13 0.32 

2.45 0.11 0.27 

3.08 0.13 0.39 

2.50 0.11 0.28 

3.47 0.14 0.39 

2.36 0.11 0.32 

3.54 0.15 0.43 

3.18 0.14 0.39 

3.06 0.13 0.33 

2.82 0.12 0.56 

3.36 0.14 0.36 

2.80 0.12 0.32 

2.39 0.11 0.24 

2.59 0.12 0.30 

2.80 0.12 0.17 

2.97 0.13 0.38 

3.06 0.13 0.35 

3.23 0.14 0.40 

3.16 0.14 0.47 

3.54 0.15 0.39 

3.37 0.14 0.53 


0.06 1.15 0.11 

0.06 1.24 0.11 

0.06 0.64 0.08 

0.06 0.72 0.08 

0.06 0.71 0.08 

0.06 0.71 0.08 

0.06 0.67 0.08 

0.06 0.73 0.08 

0.05 0.83 0.09 

0.06 0.73 0.08 

0.06 0.68 0.08 

0.05 0.50 0.07 

0.06 0.89 0.09 

0.07 0.90 0.09 

0.05 1.36 0.12 

0.05 0.50 0.07 

0.06 0.66 0.08 

0.06 0.64 0.08 

0.05 0.48 0.07 

0.06 0.71 0.08 

0.06 0.82 0.09 

0.06 0.59 0.08 

0.06 0.66 0.08 

0.06 0.87 0.09 

0.06 0.56 0.07 

0.06 0.79 0.09 

0.06 0.81 0.09 

0.06 0.70 0.08 

0.06 0.65 0.08 

0.06 0.79 0.09 

0.06 0.66 0.08 

0.06 0.81 0.09 

0.06 0.72 0.08 

0.06 0.70 0.08 

0.06 0.64 0.08 

0.05 0.47 0.07 

0.06 0.71 0.08 

0.06 0.60 0.08 

0.06 0.68 0.08 

0.06 0.75 0.08 

0.06 1.29 0.11 

0.06 0.77 0.09 

0.05 0.53 0.07 

0.06 0.75 0.08 

0.05 0.66 0.08 

0.06 0.89 0.09 

0.06 0.61 0.08 

0.06 1.22 0.11 

0.06 0.79 0.09 

0.06 0.75 0.08 

0.06 0.76 0.09 

0.06 0.79 0.09 

0.06 0.63 0.08 

0.05 0.59 0.08 

0.06 0.64 0.08 

0.05 0.77 0.09 

0.06 0.82 0.09 

0.06 0.79 0.09 

0.06 0.74 0.08 

0.06 1.29 0.11 

0.06 1.16 0.11 

0.06 0.88 0.09 
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FLDll 72.40 
FLD11 72.62 
FLDll 80.21 
FLDll 64.39 
FLDll 63.15 
FLDll 73.83 
FLDll 74.44 
FLDll 72.10 
FLDll 74.39 
FLDll 76.04 
FLDll 75.83 
FLDll 74.51 
FLD12 72.84 
FLD12 70.56 
FLD12 84.60 
FLD12 73.20 
FLD12 76.58 
FLD12 75.57 
FLD12 73.23 
FLD12 69.00 
FLD12 69.49 
FLD12 76.20 
FLD12 71.96 
FLD12 85.74 
FLD12 73.47 
FLD12 69.84 
FLD12 71.12 
FLD12 76.75 
FLD12 68.85 
FLD12 70.80 
FLD12 69.10 
FLD12 75.81 
FLD12 75.83 
FLD12 72.96 
FLD12 74.97 
FLD12 69.60 
FLD12 74.39 
FLD12 71.93 
FLD12 72.51 
FLD12 87.73 
FLD12 75.21 
FLD12 73.98 
FLD12 71.36 
FLD12 75.98 
FLD12 73.75 
FLD12 72.48 
FLD12 71.80 
FLD12 70.78 
FLD12 74.32 
FLD12 69.08 
FLD12 70.68 
FLD12 71.66 
FLD12 72.05 
FLD12 76.20 
FLD12 70.87 
FLD12 66.95 
FLD12 72.77 
FLD12 70.83 
FLD12 68.77 
FLD12 75.63 
FLD12 76.41 
FLD12 74.20 


3.06 14.86 0.74 

3.07 15.85 0.78 

3.38 11.80 0.60 

2.73 9.96 0.51 

2.68 8.82 0.46 

3.12 14.79 0.74 

3.14 13.67 0.68 

3.05 16.55 0.82 

3.14 14.10 0.70 

3.21 13.80 0.69 

3.20 13.19 0.66 

3.15 13.81 0.69 

3.08 16.15 0.80 

2.98 15.55 0.77 

3.56 9.64 0.50 

3.09 14.55 0.72 

3.23 13.20 0.66 

3.19 15.25 0.76 

3.09 14.75 0.73 

2.92 19.47 0.95 

2.94 15.96 0.79 

3.22 13.25 0.66 

3.04 14.59 0.73 

3.61 8.37 0.44 

3.10 14.36 0.72 

2.95 14.81 0.74 

3.01 15.67 0.78 

3.24 11.13 0.57 

2.91 14.84 0.74 

2.99 14.10 0.70 

2.92 14.58 0.73 

3.20 13.45 0.67 

3.20 13.14 0.66 

3.08 16.21 0.80 

3.17 15.96 0.79 

2.94 16.22 0.80 

3.14 13.28 0.67 

3.04 14.41 0.72 

3.06 15.11 0.75 

3.69 7.33 0.39 

3.18 14.72 0.73 

3.12 14.05 0.70 

3.02 15.31 0.76 

3.21 13.13 0.66 

3.11 13.58 0.68 

3.06 13.77 0.69 

3.03 14.79 0.73 

2.99 14.17 0.71 

3.14 12.08 0.61 

2.92 15.92 0.79 

2.99 17.27 0.85 

3.03 16.16 0.80 

3.04 15.53 0.77 

3.22 14.22 0.71 

3.00 14.62 0.73 

2.83 17.74 0.87 

3.07 13.03 0.65 

2.99 13.52 0.68 

2.91 16.27 0.80 

3.19 14.82 0.74 

3.23 13.93 0.70 

3.13 13.96 0.70 


3.66 0.26 4.26 

3.52 0.26 4.45 

3.05 0.23 4.31 

2.69 0.20 2.48 

2.45 0.19 1.96 

3.90 0.28 4.51 

3.29 0.24 3.77 

3.96 0.28 4.37 

3.55 0.26 4.00 

3.85 0.28 4.46 

3.31 0.24 3.87 

3.90 0.28 4.32 

3.88 0.28 4.10 

3.84 0.28 4.12 

2.59 0.20 3.40 

3.59 0.26 4.60 

3.41 0.25 3.99 

3.05 0.23 3.36 

3.76 0.27 4.20 

4.96 0.34 5.90 

3.59 0.26 4.04 

3.37 0.25 4.07 

3.62 0.26 4.18 

2.17 0.17 3.07 

3.41 0.25 4.48 

3.61 0.26 4.05 

3.77 0.27 4.17 

2.93 0.22 4.03 

3.92 0.28 4.75 

3.51 0.25 4.11 

3.57 0.26 4.00 

3.20 0.24 3.78 

2.54 0.20 3.22 

3.82 0.27 4.64 

3.69 0.27 4.49 

4.02 0.29 4.30 

3.26 0.24 4.03 

3.61 0.26 4.14 

3.71 0.27 4.14 

2.18 0.17 2.78 

2.75 0.21 3.14 

3.32 0.24 3.98 

3.66 0.26 4.21 

3.14 0.23 3.97 

3.20 0.24 4.03 

3.14 0.23 3.90 

3.61 0.26 3.99 

3.79 0.27 3.99 

3.11 0.23 3.61 

3.85 0.28 4.33 

4.00 0.29 4.23 

3.81 0.27 4.14 

3.61 0.26 4.08 

3.39 0.25 3.79 

3.56 0.26 4.37 

4.05 0.29 4.21 

3.57 0.26 4.18 

3.22 0.24 4.20 

3.93 0.28 4.17 

2.74 0.21 3.39 

2.68 0.20 3.23 

3.33 0.24 4.13 


0.16 1.80 0.09 

0.17 1.83 0.09 

0.17 1.02 0.07 

0.11 8.42 0.29 

0.09 10.18 0.35 

0.17 1.85 0.09 

0.15 3.62 0.15 

0.17 3.11 0.13 

0.16 3.07 0.13 

0.17 1.50 0.08 

0.15 2.67 0.12 

0.17 1.73 0.09 

0.16 2.04 0.10 

0.16 2.42 0.11 

0.14 0.84 0.06 

0.17 1.49 0.08 

0.16 1.46 0.08 

0.14 1.84 0.09 

0.16 2.75 0.12 

0.21 0.84 0.06 

0.16 1.56 0.09 

0.16 1.62 0.09 

0.16 1.86 0.09 

0.13 0.76 0.06 

0.17 1.42 0.08 

0.16 2.01 0.10 

0.16 1.97 0.10 

0.16 0.86 0.06 

0.18 1.63 0.09 

0.16 1.63 0.09 

0.16 1.74 0.09 

0.15 1.82 0.09 

0.13 1.78 0.09 

0.18 1.44 0.08 

0.17 1.18 0.07 

0.17 2.42 0.11 

0.16 1.49 0.08 

0.16 1.65 0.09 

0.16 1.07 0.07 

0.12 0.49 0.05 

0.13 2.12 0.10 

0.16 1.57 0.09 

0.16 1.49 0.08 

0.15 1.50 0.08 

0.16 1.74 0.09 

0.15 1.97 0.10 

0.16 1.65 0.09 

0.16 1.73 0.09 

0.14 2.48 0.11 

0.17 1.88 0.10 

0.16 2.18 0.10 

0.16 2.14 0.10 

0.16 2.44 0.11 

0.15 1.79 0.09 

0.17 0.87 0.06 

0.16 2.11 0.10 

0.16 1.48 0.08 

0.16 1.09 0.07 

0.16 1.71 0.09 

0.14 2.63 0.12 

0.13 2.02 0.10 

0.16 1.73 0.09 


2.92 0.13 0.42 

3.48 0.15 0.59 

2.53 0.12 0.32 

5.51 0.21 0.74 

5.85 0.22 0.77 

2.85 0.13 0.26 

2.91 0.13 0.36 

2.55 0.12 0.36 

3.00 0.13 0.33 

2.94 0.13 0.31 

2.76 0.12 0.30 

3.30 0.14 0.30 

2.73 0.12 0.34 

3.38 0.14 0.46 

1.99 0.10 0.11 

2.49 0.11 0.28 

2.56 0.12 0.42 

2.69 0.12 0.38 

2.51 0.12 0.42 

1.33 0.08 0.15 

3.08 0.13 0.54 

2.63 0.12 0.19 

3.35 0.14 0.44 

2.14 0.10 0.19 

2.92 0.13 0.27 

3.36 0.14 0.55 

2.64 0.12 0.51 

2.36 0.11 0.19 

3.38 0.14 0.44 

2.87 0.13 0.34 

3.21 0.14 0.49 

2.95 0.13 0.35 

2.65 0.12 0.33 

2.60 0.12 0.28 

2.29 0.11 0.33 

2.62 0.12 0.27 

2.89 0.13 0.33 

3.37 0.14 0.58 

2.88 0.13 0.37 

1.98 0.10 0.14 

2.98 0.13 0.41 

2.74 0.12 0.38 

3.13 0.13 0.44 

3.20 0.14 0.21 

3.00 0.13 0.40 

2.86 0.13 0.29 

3.32 0.14 0.38 

4.22 0.17 0.66 

2.77 0.12 0.67 

3.22 0.14 0.46 

3.34 0.14 0.40 

2.35 0.11 0.25 

3.44 0.14 0.35 

3.02 0.13 0.33 

2.94 0.13 0.31 

3.41 0.14 0.42 

3.18 0.14 0.20 

3.26 0.14 0.40 

3.32 0.14 0.36 

2.61 0.12 0.30 

2.82 0.12 0.18 

3.32 0.14 0.38 


0.06 0.76 0.08 

0.06 0.79 0.09 

0.06 0.39 0.07 

0.07 4.92 0.30 

0.07 5.64 0.34 

0.05 0.52 0.07 

0.06 0.78 0.09 

0.06 0.64 0.08 

0.06 0.66 0.08 

0.06 0.49 0.07 

0.06 0.53 0.07 

0.06 0.67 0.08 

0.06 0.78 0.09 

0.06 0.99 0.10 

0.05 0.51 0.07 

0.05 0.66 0.08 

0.06 0.70 0.08 

0.06 0.70 0.08 

0.06 0.79 0.09 

0.05 0.26 0.06 

0.06 0.88 0.09 

0.05 0.62 0.08 

0.06 0.97 0.10 

0.05 0.46 0.07 

0.05 0.61 0.08 

0.06 1.27 0.11 

0.06 0.79 0.09 

0.05 0.40 0.07 

0.06 0.75 0.08 

0.06 0.66 0.08 

0.06 0.84 0.09 

0.06 0.71 0.08 

0.06 0.60 0.08 

0.06 0.65 0.08 

0.06 0.90 0.09 

0.05 1.02 0.10 

0.06 0.77 0.09 

0.06 0.79 0.09 

0.06 0.61 0.08 

0.05 0.40 0.07 

0.06 0.61 0.08 

0.06 0.71 0.08 

0.06 0.80 0.09 

0.05 0.67 0.08 

0.06 0.74 0.08 

0.06 0.65 0.08 

0.06 0.80 0.09 

0.07 0.90 0.09 

0.07 1.05 0.10 

0.06 0.87 0.09 

0.06 0.93 0.09 

0.05 1.05 0.10 

0.06 1.56 0.13 

0.06 0.76 0.08 

0.06 0.56 0.07 

0.06 0.62 0.08 

0.05 0.60 0.08 

0.06 0.55 0.07 

0.06 1.01 0.10 

0.06 0.59 0.08 

0.05 0.69 0.08 

0.06 0.84 0.09 
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FLD12 

70.26 

2.97 

15.74 

0.78 

3.64 

0.26 

4.36 

0.17 

1.79 

0.09 

3.22 

0.14 

0.46 

0.06 

0.92 0.09 

FLD12 

74.62 

3.15 

14.03 

0.70 

3.17 

0.23 

3.71 

0.15 

1.41 

0.08 

2.62 

0.12 

0.35 

0.06 

0.56 0.07 

FLD12 

72.47 

3.06 

13.63 

0.68 

3.36 

0.25 

4.06 

0.16 

1.54 

0.08 

2.99 

0.13 

0.47 

0.06 

0.69 0.08 

FLD12 

75.58 

3.19 

14.58 

0.73 

2.69 

0.20 

3.17 

0.13 

1.84 

0.09 

2.88 

0.13 

0.37 

0.06 

0.65 0.08 

FLD12 

69.89 

2.96 

14.58 

0.73 

3.81 

0.27 

4.19 

0.16 

1.99 

0.10 

4.87 

0.19 

0.60 

0.07 

0.76 0.09 

FLD12 

68.50 

2.90 

15.75 

0.78 

3.74 

0.27 

4.18 

0.16 

1.91 

0.10 

3.90 

0.16 

0.41 

0.06 

0.96 0.10 

FLD12 

71.57 

3.02 

12.75 

0.64 

3.30 

0.24 

4.16 

0.16 

1.18 

0.07 

3.02 

0.13 

0.58 

0.06 

0.73 0.08 

FLD12 

70.92 

3.00 

17.08 

0.84 

3.76 

0.27 

4.13 

0.16 

2.22 

0.11 

3.81 

0.16 

0.54 

0.06 

1.10 0.10 

FLD12 

72.58 

3.07 

13.72 

0.69 

3.52 

0.26 

4.41 

0.17 

1.44 

0.08 

3.21 

0.14 

0.34 

0.06 

0.69 0.08 

FLD12 

70.35 

2.97 

16.49 

0.81 

4.01 

0.29 

4.40 

0.17 

2.15 

0.10 

3.45 

0.14 

0.37 

0.06 

0.80 0.09 

FLD12 

73.92 

3.12 

14.21 

0.71 

2.62 

0.20 

3.30 

0.13 

1.89 

0.10 

2.59 

0.12 

0.39 

0.06 

0.61 0.08 

FLD12 

74.20 

3.13 

14.72 

0.73 

3.02 

0.22 

3.45 

0.14 

2.00 

0.10 

2.68 

0.12 

0.18 

0.05 

0.63 0.08 

FLD12 

68.47 

2.90 

15.07 

0.75 

3.75 

0.27 

3.96 

0.15 

2.09 

0.10 

4.37 

0.17 

0.71 

0.07 

0.92 0.09 

FLD12 

68.05 

2.88 

17.05 

0.84 

4.05 

0.29 

4.18 

0.16 

2.14 

0.10 

3.46 

0.14 

0.53 

0.06 

0.96 0.10 

FLD12 

72.15 

3.05 

14.00 

0.70 

3.75 

0.27 

4.58 

0.17 

1.03 

0.07 

2.88 

0.13 

0.31 

0.06 

0.66 0.08 

FLD12 

72.07 

3.05 

15.31 

0.76 

3.75 

0.27 

4.38 

0.17 

1.68 

0.09 

2.74 

0.12 

0.37 

0.06 

0.67 0.08 

FLD12 

71.09 

3.01 

16.60 

0.82 

4.00 

0.29 

4.23 

0.16 

1.93 

0.10 

3.43 

0.14 

0.49 

0.06 

0.94 0.09 

FLD12 

71.93 

3.04 

13.97 

0.70 

3.44 

0.25 

4.30 

0.16 

1.21 

0.08 

3.45 

0.14 

0.42 

0.06 

0.67 0.08 

FLD12 

69.23 

2.93 

14.17 

0.71 

3.50 

0.25 

4.09 

0.16 

1.96 

0.10 

3.59 

0.15 

0.46 

0.06 

0.88 0.09 

FLD12 

71.15 

3.01 

14.67 

0.73 

3.52 

0.26 

4.24 

0.16 

1.87 

0.09 

3.01 

0.13 

0.41 

0.06 

0.83 0.09 

FLD12 

70.37 

2.97 

15.22 

0.76 

3.56 

0.26 

4.14 

0.16 

1.63 

0.09 

2.97 

0.13 

0.45 

0.06 

0.85 0.09 

FLD12 

68.66 

2.90 

15.17 

0.75 

3.56 

0.26 

3.83 

0.15 

2.15 

0.10 

4.71 

0.18 

0.49 

0.06 

0.96 0.10 

FLD12 

73.93 

3.12 

13.83 

0.69 

3.64 

0.26 

4.14 

0.16 

1.62 

0.09 

2.83 

0.13 

0.40 

0.06 

0.74 0.08 

FLD12 

69.16 

2.92 

17.26 

0.85 

3.83 

0.27 

4.23 

0.16 

2.66 

0.12 

2.44 

0.11 

0.47 

0.06 

0.63 0.08 

FLD12 

70.91 

3.00 

15.51 

0.77 

3.68 

0.27 

4.11 

0.16 

1.45 

0.08 

3.15 

0.13 

0.33 

0.06 

0.83 0.09 

FLD12 

74.43 

3.14 

14.02 

0.70 

3.27 

0.24 

4.10 

0.16 

1.69 

0.09 

2.67 

0.12 

0.51 

0.06 

0.78 0.09 

FLD12 

72.42 

3.06 

14.88 

0.74 

3.57 

0.26 

3.96 

0.15 

2.10 

0.10 

2.75 

0.12 

0.32 

0.06 

0.87 0.09 

FLD12 

72.72 

3.07 

13.87 

0.69 

3.59 

0.26 

4.36 

0.17 

1.68 

0.09 

2.97 

0.13 

0.29 

0.06 

0.54 0.07 

FLD12 

69.44 

2.94 

15.28 

0.76 

3.90 

0.28 

4.53 

0.17 

1.46 

0.08 

3.31 

0.14 

0.37 

0.06 

0.90 0.09 

FLD12 

72.05 

3.04 

13.68 

0.68 

3.75 

0.27 

4.15 

0.16 

1.67 

0.09 

3.02 

0.13 

0.32 

0.06 

0.75 0.08 

FLD12 

69.24 

2.93 

20.63 

1.01 

5.15 

0.36 

8.17 

0.28 

0.20 

0.04 

0.07 

0.04 

0.03 

0.05 

0.27 0.06 

FLD12 

75.64 

3.19 

13.64 

0.68 

3.16 

0.23 

4.87 

0.18 

1.53 

0.08 

2.73 

0.12 

0.27 

0.05 

0.62 0.08 

FLD12 

71.77 

3.03 

13.18 

0.66 

3.03 

0.23 

4.54 

0.17 

1.39 

0.08 

2.52 

0.12 

0.34 

0.06 

0.61 0.08 

FLD12 

72.44 

3.06 

13.81 

0.69 

3.33 

0.24 

4.05 

0.16 

1.73 

0.09 

3.04 

0.13 

0.42 

0.06 

0.77 0.09 

FLD12 

71.06 

3.00 

14.64 

0.73 

3.55 

0.26 

4.54 

0.17 

1.08 

0.07 

2.85 

0.13 

0.45 

0.06 

0.75 0.08 

FLD12 

79.06 

3.33 

13.29 

0.67 

2.98 

0.22 

3.58 

0.14 

0.82 

0.06 

2.25 

0.11 

0.27 

0.05 

0.64 0.08 

FLD12 

71.65 

3.03 

16.24 

0.80 

3.59 

0.26 

4.03 

0.16 

1.45 

0.08 

3.03 

0.13 

0.38 

0.06 

0.91 0.09 

FLD12 

69.94 

2.96 

14.21 

0.71 

3.95 

0.28 

4.42 

0.17 

0.87 

0.06 

2.73 

0.12 

0.32 

0.06 

0.70 0.08 

FLD12 

73.47 

3.10 

11.71 

0.59 

3.57 

0.26 

4.34 

0.17 

0.74 

0.06 

2.74 

0.12 

0.20 

0.05 

0.12 0.05 

FLD12 

71.72 

3.03 

13.34 

0.67 

4.25 

0.30 

4.37 

0.17 

1.14 

0.07 

3.37 

0.14 

0.39 

0.06 

0.51 0.07 

FLD12 

73.53 

3.11 

14.69 

0.73 

3.59 

0.26 

3.91 

0.15 

1.83 

0.09 

3.07 

0.13 

0.46 

0.06 

0.78 0.09 

FLD12 

73.77 

3.12 

12.49 

0.63 

3.90 

0.28 

4.13 

0.16 

1.72 

0.09 

2.83 

0.13 

0.32 

0.06 

0.72 0.08 

FLD12 

70.82 

2.99 

15.66 

0.78 

3.97 

0.28 

4.41 

0.17 

1.13 

0.07 

3.35 

0.14 

0.38 

0.06 

0.64 0.08 

FLD12 

73.71 

3.11 

13.50 

0.68 

3.36 

0.25 

3.95 

0.15 

1.78 

0.09 

2.78 

0.12 

0.35 

0.06 

0.69 0.08 

FLD12 

74.82 

3.16 

13.07 

0.66 

3.80 

0.27 

4.29 

0.16 

1.61 

0.09 

2.67 

0.12 

0.34 

0.06 

0.71 0.08 

FLD12 

74.28 

3.14 

13.83 

0.69 

3.46 

0.25 

4.05 

0.16 

1.69 

0.09 

2.74 

0.12 

0.32 

0.06 

0.74 0.08 

FLD12 

71.88 

3.04 

14.96 

0.74 

3.62 

0.26 

3.86 

0.15 

1.75 

0.09 

2.98 

0.13 

0.41 

0.06 

0.84 0.09 

FLD12 

73.17 

3.09 

14.39 

0.72 

3.74 

0.27 

4.11 

0.16 

1.86 

0.09 

2.72 

0.12 

0.34 

0.06 

0.68 0.08 

FLD12 

73.19 

3.09 

12.81 

0.64 

3.32 

0.24 

4.22 

0.16 

1.29 

0.08 

2.86 

0.13 

0.38 

0.06 

0.73 0.08 

FLD12 

73.01 

3.08 

13.67 

0.68 

3.59 

0.26 

4.13 

0.16 

1.55 

0.09 

2.85 

0.13 

0.32 

0.06 

0.75 0.08 

FLD12 

70.96 

3.00 

14.87 

0.74 

3.75 

0.27 

4.26 

0.16 

1.59 

0.09 

3.26 

0.14 

0.40 

0.06 

0.84 0.09 

FLD12 

72.24 

3.05 

15.32 

0.76 

3.92 

0.28 

4.11 

0.16 

1.97 

0.10 

3.03 

0.13 

0.38 

0.06 

0.81 0.09 

FLD12 

74.65 

3.15 

14.16 

0.71 

3.68 

0.27 

3.94 

0.15 

1.63 

0.09 

2.84 

0.13 

0.43 

0.06 

0.67 0.08 

FLD12 

73.33 

3.10 

14.89 

0.74 

3.05 

0.23 

3.60 

0.14 

2.14 

0.10 

2.59 

0.12 

0.41 

0.06 

0.60 0.08 

FLD12 

70.55 

2.98 

15.89 

0.79 

3.88 

0.28 

4.13 

0.16 

1.91 

0.10 

3.17 

0.14 

0.39 

0.06 

0.87 0.09 

FLD12 

74.63 

3.15 

14.66 

0.73 

3.64 

0.26 

3.88 

0.15 

1.67 

0.09 

3.05 

0.13 

0.39 

0.06 

0.94 0.09 

FLD12 

70.69 

2.99 

14.50 

0.72 

3.46 

0.25 

4.13 

0.16 

2.19 

0.10 

3.08 

0.13 

0.46 

0.06 

0.88 0.09 

FLD12 

71.39 

3.02 

13.52 

0.68 

3.31 

0.24 

3.90 

0.15 

1.86 

0.09 

2.84 

0.13 

0.33 

0.06 

0.71 0.08 

FLD12 

72.71 

3.07 

13.98 

0.70 

3.53 

0.26 

4.15 

0.16 

1.68 

0.09 

2.75 

0.12 

0.36 

0.06 

0.74 0.08 

FLD12 

70.50 

2.98 

13.29 

0.67 

3.37 

0.25 

4.10 

0.16 

1.74 

0.09 

2.77 

0.12 

0.38 

0.06 

0.63 0.08 

FLD12 

69.90 

2.96 

14.33 

0.71 

3.51 

0.25 

4.16 

0.16 

1.54 

0.08 

3.56 

0.15 

0.38 

0.06 

0.83 0.09 

FLD12 

78.22 

3.30 

11.86 

0.60 

2.96 

0.22 

3.84 

0.15 

0.86 

0.06 

2.23 

0.11 

0.30 

0.06 

0.46 0.07 
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FLD12 68.65 
FLD12 74.64 
FLD12 72.74 
FLD12 73.09 
FLD12 74.31 
FLD12 75.93 
FLD12 72.19 
FLD12 75.04 
FLD12 69.57 
FLD12 71.80 
FLD12 73.47 
FLD12 73.97 
FLD12 76.29 
FLD12 72.23 
FLD12 72.28 
FLD12 73.64 
FLD12 74.65 
FLD12 77.07 
FLD12 71.60 
FLD12 76.19 
FLD12 73.30 
FLD12 73.86 
FLD12 73.42 
FLD12 70.82 
FLD12 75.20 
FLD12 72.77 
FLD12 71.26 
FLD12 75.12 
FLD12 71.47 
FLD12 74.55 
FLD12 71.95 
FLD12 75.92 
FLD12 72.73 
FLD12 74.45 
FLD12 73.00 
FLD12 73.18 
FLD12 73.77 
FLD12 70.83 
FLD12 77.60 
FLD12 73.20 
FLD12 75.69 
FLD12 73.54 
FLD12 71.79 
FLD12 76.34 
FLD12 65.07 
FLD12 70.85 
FLD12 72.05 
FLD12 74.15 
FLD12 74.15 
FLD12 75.42 
FLD12 75.31 
FLD12 72.91 
FLD12 71.70 
FLD12 73.52 
FLD12 73.30 
FLD12 85.83 
FLD12 72.62 
FLD12 74.60 
FLD12 69.64 
FLD12 73.72 
FLD12 71.42 
FLD12 71.99 


2.90 14.95 0.74 

3.15 13.10 0.66 

3.07 14.51 0.72 

3.09 13.78 0.69 

3.14 13.94 0.70 

3.21 13.81 0.69 

3.05 14.49 0.72 

3.17 13.78 0.69 

2.94 13.58 0.68 

3.03 14.49 0.72 

3.10 13.33 0.67 

3.12 12.86 0.65 

3.22 12.74 0.64 

3.05 15.09 0.75 

3.05 13.06 0.65 

3.11 13.90 0.69 

3.15 13.46 0.67 

3.25 13.98 0.70 

3.03 13.98 0.70 

3.22 14.01 0.70 

3.10 14.49 0.72 

3.12 14.44 0.72 

3.10 12.05 0.61 

2.99 18.85 0.92 

3.18 15.08 0.75 

3.07 14.00 0.70 

3.01 14.91 0.74 

3.17 14.20 0.71 

3.02 12.71 0.64 

3.15 13.70 0.68 

3.04 14.39 0.72 

3.20 14.02 0.70 

3.07 13.68 0.68 

3.14 14.02 0.70 

3.08 13.49 0.67 

3.09 13.31 0.67 

3.12 13.30 0.67 

2.99 14.11 0.70 

3.27 13.21 0.66 

3.09 13.88 0.69 

3.20 12.79 0.64 

3.11 14.80 0.74 

3.03 14.21 0.71 

3.22 11.57 0.59 

2.76 16.12 0.80 

2.99 15.02 0.75 

3.04 14.19 0.71 

3.13 14.18 0.71 

3.13 13.87 0.69 

3.18 14.16 0.71 

3.18 11.64 0.59 

3.08 14.75 0.73 

3.03 13.87 0.69 

3.11 13.84 0.69 

3.10 14.18 0.71 

3.62 8.52 0.45 

3.07 14.01 0.70 

3.15 13.75 0.69 

2.94 15.05 0.75 

3.11 14.73 0.73 

3.02 13.67 0.68 

3.04 14.70 0.73 


3.51 0.25 4.35 

3.40 0.25 4.23 

2.83 0.21 3.21 

3.47 0.25 3.94 

3.44 0.25 3.86 

2.83 0.21 3.35 

3.39 0.25 3.86 

3.09 0.23 3.40 

4.13 0.29 4.09 

3.39 0.25 4.02 

3.59 0.26 4.13 

3.60 0.26 4.00 

2.98 0.22 3.59 

3.25 0.24 3.91 

2.87 0.21 3.29 

3.54 0.26 4.07 

3.20 0.24 3.94 

2.67 0.20 3.13 

3.33 0.24 3.83 

2.95 0.22 3.44 

3.52 0.26 4.13 

3.37 0.25 3.97 

3.80 0.27 4.45 

4.48 0.31 4.74 

3.09 0.23 3.55 

2.72 0.21 3.24 

3.62 0.26 4.12 

3.52 0.26 4.14 

3.52 0.26 4.08 

3.35 0.25 3.83 

3.40 0.25 3.88 

3.29 0.24 3.68 

3.42 0.25 3.91 

3.29 0.24 3.87 

4.00 0.28 4.32 

3.46 0.25 4.04 

3.93 0.28 4.33 

3.69 0.27 3.93 

2.27 0.18 3.60 

3.69 0.27 4.00 

3.28 0.24 4.24 

3.29 0.24 4.21 

4.24 0.30 4.43 

3.28 0.24 3.90 

4.46 0.31 4.56 

3.58 0.26 4.03 

4.33 0.31 4.49 

3.33 0.24 4.00 

3.72 0.27 4.19 

3.63 0.26 3.98 

3.61 0.26 3.97 

3.71 0.27 4.24 

3.50 0.25 4.30 

3.36 0.25 3.75 

3.43 0.25 4.15 

2.35 0.18 3.30 

3.46 0.25 4.20 

3.54 0.26 4.15 

3.65 0.26 4.21 

3.81 0.27 4.11 

3.85 0.28 4.45 

3.55 0.26 4.04 


0.17 1.26 0.08 

0.16 1.26 0.08 

0.13 1.98 0.10 

0.15 1.78 0.09 

0.15 1.81 0.09 

0.14 2.69 0.12 

0.15 1.88 0.10 

0.14 2.61 0.12 

0.16 3.44 0.14 

0.16 1.82 0.09 

0.16 2.29 0.11 

0.16 1.68 0.09 

0.14 1.72 0.09 

0.15 1.27 0.08 

0.13 2.47 0.11 

0.16 1.83 0.09 

0.15 1.75 0.09 

0.13 2.77 0.12 

0.15 1.89 0.10 

0.14 2.29 0.11 

0.16 1.79 0.09 

0.15 1.81 0.09 

0.17 1.29 0.08 

0.18 1.66 0.09 

0.14 1.94 0.10 

0.13 1.87 0.09 

0.16 1.18 0.07 

0.16 1.53 0.08 

0.16 1.80 0.09 

0.15 2.35 0.11 

0.15 1.90 0.10 

0.15 2.58 0.12 

0.15 2.78 0.12 

0.15 1.72 0.09 

0.17 0.95 0.07 

0.16 1.80 0.09 

0.17 1.54 0.08 

0.15 2.03 0.10 

0.14 0.61 0.06 

0.16 2.41 0.11 

0.16 1.07 0.07 

0.16 1.24 0.08 

0.17 1.50 0.08 

0.15 1.73 0.09 

0.17 1.67 0.09 

0.16 1.99 0.10 

0.17 1.02 0.07 

0.16 1.70 0.09 

0.16 0.94 0.07 

0.16 2.07 0.10 

0.15 1.51 0.08 

0.16 1.94 0.10 

0.17 1.90 0.10 

0.15 1.87 0.09 

0.16 1.64 0.09 

0.13 0.53 0.05 

0.16 1.27 0.08 

0.16 1.61 0.09 

0.16 1.24 0.08 

0.16 1.76 0.09 

0.17 0.94 0.07 

0.16 1.89 0.10 


3.25 0.14 0.55 

2.76 0.12 0.20 

2.86 0.13 0.33 

2.67 0.12 0.38 

2.83 0.13 0.44 

2.63 0.12 0.35 

3.16 0.14 0.35 

2.98 0.13 0.30 

2.78 0.12 0.31 

2.93 0.13 0.35 

3.81 0.16 0.46 

2.78 0.12 0.27 

2.83 0.12 0.22 

3.08 0.13 0.44 

2.65 0.12 0.30 

3.14 0.13 0.41 

2.80 0.12 0.48 

2.57 0.12 0.24 

3.08 0.13 0.38 

2.61 0.12 0.31 

2.70 0.12 0.31 

2.86 0.13 0.33 

2.81 0.12 0.22 

2.02 0.10 0.19 

2.71 0.12 0.34 

2.79 0.12 0.31 

3.01 0.13 0.40 

2.81 0.12 0.34 

3.29 0.14 0.31 

2.70 0.12 0.33 

2.96 0.13 0.39 

2.80 0.12 0.22 

2.78 0.12 0.31 

2.76 0.12 0.26 

3.21 0.14 0.21 

2.90 0.13 0.32 

2.81 0.12 0.36 

3.27 0.14 0.48 

1.54 0.09 0.05 

3.22 0.14 0.34 

2.55 0.12 0.28 

2.56 0.12 0.33 

3.29 0.14 0.46 

3.00 0.13 0.33 

3.79 0.15 0.44 

3.27 0.14 0.45 

3.23 0.14 0.32 

2.85 0.13 0.33 

2.88 0.13 0.19 

3.10 0.13 0.32 

3.18 0.14 0.35 

3.17 0.14 0.40 

2.94 0.13 0.43 

2.63 0.12 0.28 

3.07 0.13 0.36 

2.35 0.11 0.19 

2.71 0.12 0.43 

3.08 0.13 0.42 

3.31 0.14 0.40 

3.17 0.14 0.30 

3.45 0.14 0.35 

3.28 0.14 0.29 


0.06 0.65 0.08 

0.05 0.75 0.08 

0.06 0.74 0.08 

0.06 0.70 0.08 

0.06 0.77 0.09 

0.06 0.62 0.08 

0.06 0.74 0.08 

0.06 0.61 0.08 

0.06 0.68 0.08 

0.06 0.72 0.08 

0.06 1.17 0.11 

0.05 0.69 0.08 

0.05 0.65 0.08 

0.06 0.88 0.09 

0.06 0.58 0.08 

0.06 0.78 0.09 

0.06 0.77 0.09 

0.05 0.65 0.08 

0.06 0.71 0.08 

0.06 0.59 0.08 

0.06 0.60 0.08 

0.06 0.70 0.08 

0.05 0.58 0.08 

0.05 0.65 0.08 

0.06 0.63 0.08 

0.06 0.63 0.08 

0.06 0.83 0.09 

0.06 0.64 0.08 

0.06 0.76 0.09 

0.06 0.65 0.08 

0.06 0.78 0.09 

0.05 0.66 0.08 

0.06 0.66 0.08 

0.05 0.71 0.08 

0.05 0.56 0.07 

0.06 0.65 0.08 

0.06 0.67 0.08 

0.06 0.75 0.08 

0.05 0.49 0.07 

0.06 0.81 0.09 

0.06 0.52 0.07 

0.06 0.66 0.08 

0.06 0.66 0.08 

0.06 0.71 0.08 

0.06 0.81 0.09 

0.06 0.85 0.09 

0.06 0.55 0.07 

0.06 0.71 0.08 

0.05 0.40 0.07 

0.06 1.10 0.10 

0.06 0.69 0.08 

0.06 0.80 0.09 

0.06 0.74 0.08 

0.05 0.61 0.08 

0.06 0.95 0.10 

0.05 0.50 0.07 

0.06 0.84 0.09 

0.06 0.71 0.08 

0.06 0.71 0.08 

0.06 0.74 0.08 

0.06 0.43 0.07 

0.06 0.86 0.09 
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FLD12 72.44 
FLD12 78.80 
FLD12 74.22 
FLD12 75.71 
FLD12 73.56 
FLD12 75.74 
FLD12 73.97 
FLD12 72.49 
FLD12 71.31 
FLD12 76.39 
FLD12 73.26 
FLD12 74.31 
FLD12 71.14 
FLD12 72.29 
FLD12 78.48 
FLD12 74.39 
FLD12 76.05 
FLD12 73.31 
FLD12 69.92 
FLD12 75.61 
FLD12 72.16 
FLD12 75.22 
FLD12 75.66 
FLD12 74.18 
FLD12 69.90 
FLD12 74.63 
FLD12 73.72 
FLD12 69.51 
FLD12 74.71 
FLD12 70.76 
FLD12 68.86 
FLD12 77.50 
FLD12 73.75 
FLD12 73.06 
FLD12 73.45 
FLD12 76.02 
FLD12 73.33 
FLD12 70.22 
FLD12 68.35 
FLD12 71.82 
FLD12 71.62 
FLD12 74.30 
FLD12 68.79 
FLD12 68.87 
FLD12 71.21 
FLD13 75.67 
FLD13 74.21 
FLD13 74.22 
FLD13 73.37 
FLD13 73.90 
FLD13 72.74 
FLD13 75.03 
FLD13 72.40 
FLD13 75.00 
FLD13 75.65 
FLD13 74.67 
FLD13 76.17 
FLD13 74.28 
FLD13 76.21 
FLD13 72.92 
FLD13 76.52 
FLD13 75.17 


3.06 13.85 0.69 

3.32 12.49 0.63 

3.13 15.03 0.75 

3.20 13.50 0.68 

3.11 13.94 0.70 

3.20 13.13 0.66 

3.12 13.57 0.68 

3.06 14.13 0.70 

3.01 14.29 0.71 

3.22 14.05 0.70 

3.09 13.53 0.68 

3.14 13.05 0.65 

3.01 13.18 0.66 

3.05 12.86 0.65 

3.31 11.32 0.57 

3.14 14.44 0.72 

3.21 12.74 0.64 

3.10 14.22 0.71 

2.96 16.09 0.80 

3.19 13.90 0.69 

3.05 15.34 0.76 

3.18 13.89 0.69 

3.19 11.67 0.59 

3.13 13.67 0.68 

2.96 14.76 0.73 

3.15 14.18 0.71 

3.11 14.10 0.70 

2.94 19.17 0.94 

3.15 12.52 0.63 

2.99 16.14 0.80 

2.91 17.66 0.87 

3.27 10.80 0.55 

3.12 14.26 0.71 

3.09 16.45 0.81 

3.10 15.15 0.75 

3.21 13.43 0.67 

3.10 14.79 0.74 

2.97 15.26 0.76 

2.89 13.95 0.70 

3.04 15.43 0.76 

3.03 14.61 0.73 

3.14 13.00 0.65 

2.91 16.54 0.82 

2.91 16.18 0.80 

3.01 14.51 0.72 

3.19 14.40 0.72 

3.13 14.25 0.71 

3.13 13.93 0.70 

3.10 13.63 0.68 

3.12 13.76 0.69 

3.07 13.26 0.66 

3.17 13.52 0.68 

3.06 13.60 0.68 

3.17 14.13 0.70 

3.19 13.51 0.68 

3.15 13.45 0.67 

3.22 13.82 0.69 

3.14 14.59 0.73 

3.22 14.14 0.71 

3.08 13.37 0.67 

3.23 13.87 0.69 

3.17 13.77 0.69 


3.64 0.26 4.27 

3.25 0.24 3.88 

3.71 0.27 4.60 

3.40 0.25 4.03 

3.69 0.27 4.33 

3.85 0.28 4.18 

3.52 0.26 4.11 

3.72 0.27 4.28 

3.65 0.26 4.14 

3.57 0.26 4.07 

3.68 0.27 4.29 

3.39 0.25 4.15 

3.63 0.26 4.37 

3.45 0.25 4.04 

3.16 0.23 3.94 

3.65 0.26 4.12 

3.40 0.25 4.16 

3.49 0.25 3.99 

4.01 0.29 4.19 

3.39 0.25 3.84 

3.70 0.27 4.26 

3.81 0.27 4.24 

3.31 0.24 4.13 

3.32 0.24 3.98 

3.69 0.27 4.16 

3.48 0.25 4.15 

3.76 0.27 4.33 

4.18 0.30 4.39 

3.43 0.25 4.14 

3.92 0.28 4.25 

3.89 0.28 4.14 

3.65 0.26 4.29 

3.83 0.27 4.40 

3.96 0.28 4.01 

3.66 0.26 4.09 

3.60 0.26 4.42 

3.62 0.26 3.94 

3.50 0.25 4.02 

3.52 0.26 4.40 

3.49 0.25 3.92 

3.74 0.27 4.17 

3.26 0.24 4.03 

4.06 0.29 4.37 

3.94 0.28 4.44 

3.95 0.28 4.32 

2.96 0.22 3.28 

3.14 0.23 3.52 

3.06 0.23 3.44 

2.98 0.22 3.41 

3.00 0.22 3.35 

2.77 0.21 3.48 

3.06 0.23 3.49 

2.95 0.22 3.31 

2.99 0.22 3.28 

3.11 0.23 3.38 

3.03 0.22 3.33 

3.18 0.23 3.31 

2.95 0.22 3.30 

3.12 0.23 3.29 

2.85 0.21 3.31 

3.09 0.23 3.27 

2.84 0.21 3.33 


0.16 1.21 0.07 

0.15 1.31 0.08 

0.17 0.96 0.07 

0.16 1.39 0.08 

0.17 1.63 0.09 

0.16 1.64 0.09 

0.16 1.80 0.09 

0.16 1.92 0.10 

0.16 1.37 0.08 

0.16 1.41 0.08 

0.16 1.05 0.07 

0.16 1.55 0.09 

0.17 1.05 0.07 

0.16 1.65 0.09 

0.15 0.36 0.05 

0.16 1.58 0.09 

0.16 0.63 0.06 

0.16 1.90 0.10 

0.16 1.43 0.08 

0.15 1.52 0.08 

0.16 1.33 0.08 

0.16 1.80 0.09 

0.16 0.67 0.06 

0.16 1.88 0.10 

0.16 1.56 0.09 

0.16 1.78 0.09 

0.17 1.88 0.10 

0.17 1.73 0.09 

0.16 1.51 0.08 

0.16 1.64 0.09 

0.16 2.24 0.11 

0.16 2.27 0.11 

0.17 1.52 0.08 

0.16 2.01 0.10 

0.16 1.31 0.08 

0.17 2.09 0.10 

0.15 2.15 0.10 

0.16 1.58 0.09 

0.17 1.76 0.09 

0.15 1.67 0.09 

0.16 2.11 0.10 

0.16 1.34 0.08 

0.17 1.85 0.09 

0.17 1.89 0.10 

0.17 1.46 0.08 

0.13 3.47 0.14 

0.14 4.30 0.17 

0.14 3.46 0.14 

0.14 3.06 0.13 

0.14 3.40 0.14 

0.14 3.37 0.14 

0.14 3.61 0.15 

0.13 3.55 0.15 

0.13 3.27 0.14 

0.14 3.43 0.14 

0.14 3.25 0.14 

0.13 3.19 0.13 

0.13 3.29 0.14 

0.13 3.31 0.14 

0.13 3.33 0.14 

0.13 3.14 0.13 

0.14 3.24 0.14 


3.18 0.14 0.44 

2.82 0.12 0.35 

1.51 0.08 0.26 

2.76 0.12 0.26 

2.87 0.13 0.34 

3.46 0.14 0.34 

2.62 0.12 0.40 

3.30 0.14 0.46 

3.43 0.14 0.55 

2.77 0.12 0.15 

3.33 0.14 0.35 

2.83 0.13 0.38 

3.26 0.14 0.37 

2.79 0.12 0.33 

1.88 0.10 0.05 

3.05 0.13 0.32 

2.58 0.12 0.15 

3.10 0.13 0.35 

3.58 0.15 0.45 

2.61 0.12 0.28 

2.22 0.11 0.31 

2.88 0.13 0.28 

2.61 0.12 0.03 

2.84 0.13 0.37 

3.26 0.14 0.26 

2.72 0.12 0.33 

2.62 0.12 0.31 

2.00 0.10 0.21 

2.77 0.12 0.33 

3.05 0.13 0.37 

3.22 0.14 0.34 

2.72 0.12 0.18 

3.02 0.13 0.54 

2.97 0.13 0.34 

2.37 0.11 0.43 

2.73 0.12 0.36 

2.98 0.13 0.44 

3.75 0.15 0.58 

3.54 0.15 0.53 

4.02 0.16 0.54 

3.99 0.16 0.55 

3.13 0.13 0.31 

3.24 0.14 0.43 

3.28 0.14 0.38 

2.69 0.12 0.34 

2.83 0.13 0.26 

2.92 0.13 0.29 

2.61 0.12 0.27 

2.65 0.12 0.19 

2.65 0.12 0.30 

2.78 0.12 0.24 

2.61 0.12 0.26 

2.57 0.12 0.27 

2.61 0.12 0.24 

2.66 0.12 0.25 

2.72 0.12 0.30 

2.68 0.12 0.24 

2.68 0.12 0.40 

2.64 0.12 0.23 

2.75 0.12 0.24 

2.64 0.12 0.23 

2.62 0.12 0.21 


0.06 0.70 0.08 

0.06 0.64 0.08 

0.05 0.45 0.07 

0.05 0.71 0.08 

0.06 0.68 0.08 

0.06 0.54 0.07 

0.06 0.68 0.08 

0.06 0.85 0.09 

0.06 0.93 0.09 

0.05 0.66 0.08 

0.06 0.45 0.07 

0.06 0.68 0.08 

0.06 0.52 0.07 

0.06 0.80 0.09 

0.05 0.24 0.06 

0.06 0.66 0.08 

0.05 0.34 0.06 

0.06 0.70 0.08 

0.06 0.68 0.08 

0.05 0.70 0.08 

0.06 0.59 0.08 

0.06 0.65 0.08 

0.05 0.31 0.06 

0.06 0.71 0.08 

0.05 0.79 0.09 

0.06 0.64 0.08 

0.06 0.68 0.08 

0.05 0.62 0.08 

0.06 0.61 0.08 

0.06 0.68 0.08 

0.06 1.00 0.10 

0.05 0.62 0.08 

0.06 0.76 0.08 

0.06 0.91 0.09 

0.06 0.73 0.08 

0.06 0.77 0.09 

0.06 0.87 0.09 

0.06 0.99 0.10 

0.06 0.76 0.09 

0.06 0.95 0.10 

0.06 1.33 0.11 

0.06 0.92 0.09 

0.06 0.72 0.08 

0.06 0.78 0.09 

0.06 0.58 0.08 

0.05 0.65 0.08 

0.06 0.73 0.08 

0.05 0.64 0.08 

0.05 0.59 0.08 

0.06 0.59 0.08 

0.05 0.54 0.07 

0.05 0.67 0.08 

0.05 0.55 0.07 

0.05 0.56 0.07 

0.05 0.56 0.07 

0.06 0.56 0.07 

0.05 0.58 0.08 

0.06 0.63 0.08 

0.05 0.58 0.08 

0.05 0.55 0.07 

0.05 0.58 0.08 

0.05 0.59 0.08 
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FLD13 75.67 
FLD13 76.24 
FLD13 74.87 
FLD13 73.77 
FLD13 76.57 
FLD13 74.89 
FLD13 75.44 
FLD13 76.50 
FLD13 76.04 
FLD13 74.69 
FLD13 76.53 
FLD13 76.23 
FLD13 71.40 
FLD13 76.13 
FLD13 75.21 
FLD13 72.16 
FLD13 74.14 
FLD13 76.27 
FLD13 75.25 
FLD13 76.86 
FLD13 73.93 
FLD13 75.42 
FLD13 75.01 
FLD13 75.72 
FLD13 75.62 
FLD13 75.26 
FLD13 73.42 
FLD13 76.39 
FLD13 72.42 
FLD13 75.85 
FLD13 75.76 
FLD13 76.45 
FLD13 75.77 
FLD13 74.98 
FLD13 76.51 
FLD13 76.48 
FLD13 76.33 
FLD13 75.77 
FLD13 76.17 
FLD13 75.37 
FLD13 74.19 
FLD13 75.82 
FLD13 75.47 
FLD13 75.06 
FLD13 74.12 
FLD13 75.01 
FLD13 75.90 
FLD13 74.26 
FLD13 75.57 
FLD13 74.65 
FLD13 75.74 
FLD13 75.15 
FLD13 76.69 
FLD13 75.40 
FLD13 73.30 
FLD13 75.85 
FLD13 69.85 
FLD13 73.56 
FLD13 74.18 
FLD13 75.77 
FLD13 76.10 
FLD13 74.74 


3.19 14.44 0.72 

3.22 14.09 0.70 

3.16 13.70 0.68 

3.12 14.37 0.72 

3.23 14.03 0.70 

3.16 13.77 0.69 

3.19 13.91 0.69 

3.23 14.22 0.71 

3.21 14.11 0.70 

3.15 13.66 0.68 

3.23 14.36 0.72 

3.22 13.89 0.69 

3.02 17.02 0.84 

3.21 14.44 0.72 

3.18 14.92 0.74 

3.05 12.96 0.65 

3.13 13.66 0.68 

3.22 13.74 0.69 

3.18 13.56 0.68 

3.24 13.98 0.70 

3.12 13.86 0.69 

3.18 13.88 0.69 

3.17 13.85 0.69 

3.20 13.40 0.67 

3.19 13.09 0.66 

3.18 13.85 0.69 

3.10 13.78 0.69 

3.22 13.56 0.68 

3.06 12.85 0.65 

3.20 13.63 0.68 

3.20 13.72 0.69 

3.23 13.61 0.68 

3.20 13.43 0.67 

3.17 13.36 0.67 

3.23 13.82 0.69 

3.23 14.09 0.70 

3.22 13.96 0.70 

3.20 14.17 0.71 

3.22 14.11 0.70 

3.18 14.05 0.70 

3.13 13.51 0.68 

3.20 13.73 0.69 

3.19 14.05 0.70 

3.17 13.75 0.69 

3.13 13.32 0.67 

3.17 13.44 0.67 

3.20 14.00 0.70 

3.14 14.18 0.71 

3.19 13.22 0.66 

3.15 13.27 0.67 

3.20 14.53 0.72 

3.17 14.03 0.70 

3.24 13.76 0.69 

3.18 13.50 0.68 

3.10 13.73 0.69 

3.20 14.12 0.70 

2.95 13.42 0.67 

3.11 13.73 0.69 

3.13 13.82 0.69 

3.20 13.61 0.68 

3.21 13.83 0.69 

3.16 13.59 0.68 


3.00 0.22 3.44 

3.02 0.22 3.30 

2.99 0.22 3.50 

2.79 0.21 3.07 

3.17 0.23 3.43 

2.97 0.22 3.35 

3.04 0.23 3.23 

3.19 0.24 3.25 

3.15 0.23 3.26 

2.94 0.22 3.43 

2.85 0.21 3.12 

2.94 0.22 3.53 

2.92 0.22 2.98 

2.90 0.22 3.15 

3.21 0.24 3.37 

2.94 0.22 3.34 

3.04 0.23 3.37 

2.95 0.22 3.39 

2.80 0.21 3.39 

2.90 0.22 3.33 

2.69 0.20 3.28 

2.95 0.22 3.34 

3.00 0.22 3.29 

3.07 0.23 3.44 

3.06 0.23 3.36 

2.86 0.21 3.45 

2.87 0.22 3.31 

2.94 0.22 3.34 

2.79 0.21 3.43 

3.07 0.23 3.48 

3.04 0.23 3.36 

3.09 0.23 3.38 

3.20 0.24 3.30 

3.17 0.23 3.29 

3.05 0.23 3.32 

2.95 0.22 3.48 

3.04 0.23 3.31 

3.09 0.23 3.41 

3.10 0.23 3.24 

3.08 0.23 3.33 

3.10 0.23 3.43 

2.76 0.21 3.35 

3.02 0.22 3.32 

2.94 0.22 3.34 

2.89 0.22 3.36 

2.96 0.22 3.41 

3.24 0.24 3.42 

2.97 0.22 3.27 

2.81 0.21 3.33 

2.95 0.22 3.40 

2.95 0.22 3.41 

3.03 0.23 3.19 

3.14 0.23 3.50 

3.15 0.23 3.67 

2.95 0.22 3.22 

2.81 0.21 3.41 

2.71 0.21 3.34 

2.98 0.22 3.51 

2.93 0.22 3.26 

3.06 0.23 3.51 

3.34 0.24 3.50 

3.09 0.23 3.37 


0.14 3.40 0.14 

0.13 3.39 0.14 

0.14 3.51 0.14 

0.13 3.09 0.13 

0.14 3.16 0.13 

0.14 3.30 0.14 

0.13 3.18 0.13 

0.13 3.13 0.13 

0.13 3.22 0.14 

0.14 3.46 0.14 

0.13 3.17 0.13 

0.14 2.92 0.13 

0.12 3.60 0.15 

0.13 3.16 0.13 

0.14 3.54 0.15 

0.14 3.63 0.15 

0.14 3.40 0.14 

0.14 3.17 0.13 

0.14 3.28 0.14 

0.14 3.37 0.14 

0.13 2.30 0.11 

0.14 3.16 0.13 

0.13 3.28 0.14 

0.14 3.25 0.14 

0.14 3.30 0.14 

0.14 3.25 0.14 

0.13 3.18 0.13 

0.14 3.22 0.14 

0.14 3.45 0.14 

0.14 3.29 0.14 

0.14 3.32 0.14 

0.14 3.38 0.14 

0.13 3.27 0.14 

0.13 3.40 0.14 

0.13 2.93 0.13 

0.14 3.26 0.14 

0.13 3.11 0.13 

0.14 3.43 0.14 

0.13 3.23 0.14 

0.14 3.27 0.14 

0.14 3.23 0.14 

0.14 3.35 0.14 

0.14 3.34 0.14 

0.14 3.17 0.13 

0.14 3.17 0.13 

0.14 3.18 0.13 

0.14 3.33 0.14 

0.13 3.34 0.14 

0.14 3.15 0.13 

0.14 3.20 0.13 

0.14 3.50 0.14 

0.13 3.12 0.13 

0.14 3.14 0.13 

0.15 3.09 0.13 

0.13 3.38 0.14 

0.14 3.53 0.14 

0.14 3.48 0.14 

0.14 3.37 0.14 

0.13 3.30 0.14 

0.14 3.26 0.14 

0.14 3.03 0.13 

0.14 3.21 0.14 


2.58 0.12 0.31 

2.75 0.12 0.35 

2.73 0.12 0.27 

2.33 0.11 0.33 

2.57 0.12 0.32 

2.60 0.12 0.30 

2.70 0.12 0.22 

2.51 0.12 0.29 

2.57 0.12 0.28 

2.76 0.12 0.19 

2.75 0.12 0.19 

2.56 0.12 0.35 

3.22 0.14 0.40 

2.64 0.12 0.27 

2.67 0.12 0.30 

2.69 0.12 0.21 

2.45 0.11 0.24 

2.55 0.12 0.21 

2.61 0.12 0.31 

2.42 0.11 0.23 

2.89 0.13 0.41 

2.78 0.12 0.36 

2.47 0.11 0.30 

2.52 0.12 0.23 

2.37 0.11 0.29 

2.82 0.12 0.29 

2.82 0.12 0.38 

2.78 0.12 0.27 

2.69 0.12 0.24 

2.78 0.12 0.20 

2.57 0.12 0.27 

2.66 0.12 0.14 

2.57 0.12 0.22 

2.61 0.12 0.16 

2.79 0.12 0.29 

2.80 0.12 0.22 

2.67 0.12 0.20 

2.66 0.12 0.22 

2.62 0.12 0.28 

2.51 0.12 0.16 

2.56 0.12 0.31 

2.53 0.12 0.28 

2.50 0.11 0.19 

2.83 0.13 0.25 

2.74 0.12 0.30 

2.87 0.13 0.22 

2.54 0.12 0.25 

2.75 0.12 0.28 

2.60 0.12 0.20 

2.58 0.12 0.23 

2.76 0.12 0.21 

2.77 0.12 0.28 

2.56 0.12 0.31 

2.62 0.12 0.28 

2.56 0.12 0.28 

2.60 0.12 0.28 

2.74 0.12 0.28 

3.14 0.13 0.20 

2.44 0.11 0.32 

2.61 0.12 0.32 

2.55 0.12 0.36 

2.62 0.12 0.25 


0.06 0.60 0.08 

0.06 0.53 0.07 

0.05 0.60 0.08 

0.06 0.56 0.07 

0.06 0.60 0.08 

0.06 0.56 0.07 

0.05 0.55 0.07 

0.06 0.60 0.08 

0.05 0.63 0.08 

0.05 0.57 0.08 

0.05 0.63 0.08 

0.06 0.64 0.08 

0.06 0.76 0.09 

0.05 0.55 0.07 

0.06 0.63 0.08 

0.05 0.53 0.07 

0.05 0.58 0.08 

0.05 0.56 0.07 

0.06 0.58 0.08 

0.05 0.61 0.08 

0.06 0.58 0.08 

0.06 0.66 0.08 

0.06 0.60 0.08 

0.05 0.54 0.07 

0.06 0.61 0.08 

0.06 0.57 0.07 

0.06 0.52 0.07 

0.05 0.66 0.08 

0.05 0.54 0.07 

0.05 0.64 0.08 

0.05 0.60 0.08 

0.05 0.59 0.08 

0.05 0.55 0.07 

0.05 0.60 0.08 

0.06 0.59 0.08 

0.05 0.67 0.08 

0.05 0.60 0.08 

0.05 0.65 0.08 

0.05 0.59 0.08 

0.05 0.57 0.07 

0.06 0.56 0.07 

0.05 0.55 0.07 

0.05 0.56 0.07 

0.05 0.60 0.08 

0.06 0.54 0.07 

0.05 0.50 0.07 

0.05 0.58 0.08 

0.05 0.63 0.08 

0.05 0.53 0.07 

0.05 0.54 0.07 

0.05 0.58 0.08 

0.06 0.58 0.08 

0.06 0.67 0.08 

0.06 0.58 0.08 

0.05 0.54 0.07 

0.05 0.61 0.08 

0.06 0.52 0.07 

0.05 0.67 0.08 

0.06 0.56 0.07 

0.06 0.53 0.07 

0.06 0.59 0.08 

0.05 0.56 0.07 
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FLD13 74.89 3.16 13.83 0.69 3.18 0.23 3.43 

FLD13 76.50 3.23 14.10 0.70 2.97 0.22 3.24 

FLD13 73.63 3.11 13.60 0.68 3.06 0.23 3.36 

FLD13 74.53 3.15 14.34 0.71 3.02 0.22 3.23 

FLD13 75.97 3.21 13.99 0.70 2.96 0.22 3.40 

FLD13 75.51 3.19 13.81 0.69 2.93 0.22 3.45 

FLD13 75.05 3.17 14.33 0.71 3.05 0.23 3.29 

FLD13 76.60 3.23 13.85 0.69 2.92 0.22 3.27 

FLD13 76.23 3.22 13.92 0.69 3.00 0.22 3.49 

FLD13 76.29 3.22 14.29 0.71 3.13 0.23 3.37 

FLD13 75.74 3.20 13.23 0.66 3.16 0.23 3.52 

FLD13 75.43 3.18 13.95 0.70 3.16 0.23 3.38 

FLD13 76.72 3.24 14.00 0.70 2.99 0.22 3.37 

FLD13 75.41 3.18 13.65 0.68 3.00 0.22 3.35 

FLD13 75.87 3.20 13.79 0.69 2.99 0.22 3.41 

FLD13 75.79 3.20 13.98 0.70 3.20 0.24 3.46 

FLD13 73.31 3.10 13.46 0.67 2.82 0.21 3.39 

FLD13 74.12 3.13 13.54 0.68 3.11 0.23 3.45 

FLD13 76.45 3.23 13.98 0.70 2.86 0.21 3.31 

FLD13 73.88 3.12 13.77 0.69 3.00 0.22 3.30 

FLD13 75.37 3.18 13.79 0.69 3.21 0.24 3.38 

FLD13 75.35 3.18 14.14 0.71 2.98 0.22 3.28 

FLD13 74.25 3.14 13.34 0.67 3.09 0.23 3.41 

FLD13 75.45 3.19 13.90 0.69 3.18 0.23 3.35 

FLD13 75.97 3.21 14.02 0.70 2.94 0.22 3.30 

FLD13 74.72 3.16 14.12 0.70 3.05 0.23 3.32 

FLD13 75.24 3.18 13.55 0.68 3.15 0.23 3.49 

FLD13 75.28 3.18 13.82 0.69 3.09 0.23 3.27 

FLD13 74.13 3.13 13.87 0.69 2.72 0.21 3.20 

FLD13 76.04 3.21 13.90 0.69 3.01 0.22 3.52 

FLD13 76.31 3.22 13.11 0.66 3.04 0.23 3.25 

FLD13 75.93 3.21 13.76 0.69 2.96 0.22 3.25 

FLD13 75.69 3.20 13.84 0.69 3.09 0.23 3.32 

FLD13 76.31 3.22 13.85 0.69 3.27 0.24 3.46 

FLD13 74.93 3.16 13.60 0.68 2.98 0.22 3.25 

FLD13 75.40 3.18 13.97 0.70 3.03 0.22 3.28 

FLD13 75.36 3.18 14.09 0.70 2.96 0.22 3.39 

FLD13 76.57 3.23 14.03 0.70 3.05 0.23 3.40 

FLD13 77.23 3.26 13.75 0.69 2.97 0.22 3.51 

FLD13 76.68 3.24 13.74 0.69 2.75 0.21 3.36 

FLD13 76.70 3.24 13.83 0.69 2.96 0.22 3.30 

FLD13 77.17 3.26 13.38 0.67 2.91 0.22 3.35 

FLD13 75.92 3.20 14.25 0.71 2.91 0.22 3.51 

FLD13 74.94 3.16 13.58 0.68 2.85 0.21 3.28 

FLD13 69.79 2.95 17.17 0.85 3.04 0.23 3.25 

FLD13 75.66 3.19 13.79 0.69 2.94 0.22 3.36 

FLD13 76.55 3.23 13.60 0.68 3.06 0.23 3.24 

FLD13 76.43 3.23 14.41 0.72 2.95 0.22 3.26 

FLD13 75.38 3.18 13.33 0.67 3.11 0.23 3.44 

FLD13 75.34 3.18 13.85 0.69 2.78 0.21 3.36 

FLD13 77.16 3.26 13.79 0.69 2.87 0.22 3.45 

FLD13 75.45 3.19 13.68 0.68 3.02 0.22 3.28 

FLD13 75.10 3.17 13.83 0.69 2.85 0.21 3.39 

FLD13 75.64 3.19 13.99 0.70 2.88 0.22 3.20 

FLD13 72.20 3.05 13.43 0.67 2.84 0.21 3.41 

FLD13 75.82 3.20 13.90 0.69 2.97 0.22 3.29 

FLD13 75.55 3.19 14.34 0.71 2.95 0.22 3.30 

FLD13 74.50 3.15 13.60 0.68 2.81 0.21 3.30 

FLD13 76.32 3.22 13.76 0.69 3.01 0.22 3.34 

FLD13 74.41 3.14 13.53 0.68 2.89 0.22 3.40 

FLD13 75.49 3.19 13.97 0.70 2.91 0.22 3.30 

FLD13 73.13 3.09 13.64 0.68 2.86 0.21 3.57 


0.14 3.10 0.13 2.82 0.12 0.38 0.06 0.60 0.08 

0.13 3.24 0.14 2.59 0.12 0.21 0.05 0.58 0.08 

0.14 3.31 0.14 2.66 0.12 0.29 0.06 0.56 0.07 

0.13 3.26 0.14 2.64 0.12 0.18 0.05 0.69 0.08 

0.14 3.34 0.14 2.67 0.12 0.31 0.06 0.59 0.08 

0.14 3.26 0.14 2.63 0.12 0.33 0.06 0.55 0.07 

0.13 3.39 0.14 2.73 0.12 0.24 0.05 0.57 0.07 

0.13 3.24 0.14 2.63 0.12 0.19 0.05 0.53 0.07 

0.14 3.26 0.14 2.63 0.12 0.30 0.06 0.64 0.08 

0.14 3.16 0.13 2.72 0.12 0.22 0.05 0.52 0.07 

0.14 3.22 0.14 2.48 0.11 0.38 0.06 0.58 0.08 

0.14 3.21 0.14 2.81 0.12 0.29 0.06 0.59 0.08 

0.14 3.27 0.14 2.59 0.12 0.26 0.05 0.61 0.08 

0.14 3.24 0.14 2.54 0.12 0.24 0.05 0.60 0.08 

0.14 3.36 0.14 2.62 0.12 0.33 0.06 0.49 0.07 

0.14 3.20 0.14 2.83 0.12 0.19 0.05 0.60 0.08 

0.14 3.36 0.14 2.69 0.12 0.37 0.06 0.54 0.07 

0.14 3.17 0.13 2.46 0.11 0.35 0.06 0.57 0.08 

0.13 3.26 0.14 2.56 0.12 0.22 0.05 0.53 0.07 

0.13 3.39 0.14 2.66 0.12 0.18 0.05 0.53 0.07 

0.14 3.15 0.13 2.70 0.12 0.27 0.05 0.52 0.07 

0.13 3.24 0.14 2.65 0.12 0.30 0.06 0.60 0.08 

0.14 3.19 0.13 2.34 0.11 0.29 0.06 0.59 0.08 

0.14 3.11 0.13 2.80 0.12 0.32 0.06 0.60 0.08 

0.13 3.23 0.14 2.67 0.12 0.22 0.05 0.59 0.08 

0.13 3.27 0.14 2.66 0.12 0.28 0.05 0.60 0.08 

0.14 3.09 0.13 2.66 0.12 0.30 0.06 0.57 0.07 

0.13 3.18 0.13 2.73 0.12 0.29 0.06 0.57 0.08 

0.13 3.49 0.14 2.60 0.12 0.36 0.06 0.57 0.08 

0.14 3.28 0.14 2.65 0.12 0.24 0.05 0.56 0.07 

0.13 3.20 0.14 2.69 0.12 0.17 0.05 0.57 0.07 

0.13 3.16 0.13 2.44 0.11 0.24 0.05 0.54 0.07 

0.14 3.38 0.14 2.54 0.12 0.28 0.05 0.59 0.08 

0.14 3.16 0.13 2.47 0.11 0.31 0.06 0.54 0.07 

0.13 3.31 0.14 2.78 0.12 0.35 0.06 0.63 0.08 

0.13 3.31 0.14 2.59 0.12 0.23 0.05 0.58 0.08 

0.14 3.38 0.14 2.58 0.12 0.27 0.05 0.63 0.08 

0.14 3.23 0.14 2.71 0.12 0.32 0.06 0.59 0.08 

0.14 3.19 0.13 2.46 0.11 0.25 0.05 0.57 0.08 

0.14 3.22 0.14 2.51 0.11 0.17 0.05 0.61 0.08 

0.13 3.16 0.13 2.66 0.12 0.21 0.05 0.52 0.07 

0.14 3.35 0.14 2.58 0.12 0.27 0.05 0.45 0.07 

0.14 3.43 0.14 2.84 0.13 0.29 0.06 0.60 0.08 

0.13 3.29 0.14 2.67 0.12 0.30 0.06 0.52 0.07 

0.13 4.16 0.16 2.99 0.13 0.39 0.06 0.65 0.08 

0.14 3.36 0.14 2.57 0.12 0.29 0.06 0.56 0.07 

0.13 3.23 0.14 2.70 0.12 0.20 0.05 0.51 0.07 

0.13 3.33 0.14 2.54 0.12 0.38 0.06 0.62 0.08 

0.14 3.24 0.14 2.68 0.12 0.25 0.05 0.61 0.08 

0.14 3.30 0.14 2.66 0.12 0.21 0.05 0.56 0.07 

0.14 3.32 0.14 2.48 0.11 0.19 0.05 0.55 0.07 

0.13 3.07 0.13 2.59 0.12 0.28 0.06 0.54 0.07 

0.14 3.43 0.14 2.54 0.12 0.25 0.05 0.58 0.08 

0.13 3.25 0.14 2.63 0.12 0.27 0.05 0.57 0.07 

0.14 3.40 0.14 2.74 0.12 0.26 0.05 0.59 0.08 

0.13 3.23 0.14 2.64 0.12 0.12 0.05 0.55 0.07 

0.13 3.31 0.14 2.70 0.12 0.33 0.06 0.67 0.08 

0.13 3.38 0.14 2.52 0.12 0.31 0.06 0.55 0.07 

0.14 3.25 0.14 2.73 0.12 0.14 0.05 0.59 0.08 

0.14 3.16 0.13 2.58 0.12 0.32 0.06 0.53 0.07 

0.13 3.31 0.14 2.50 0.11 0.20 0.05 0.63 0.08 

0.14 3.41 0.14 2.58 0.12 0.30 


0.06 
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FLD13 75.25 
FLD13 75.16 
FLD13 71.83 
FLD13 74.32 
FLD13 75.53 
FLD13 73.92 
FLD13 76.09 
FLD13 76.66 
FLD13 74.64 
FLD13 76.52 
FLD13 74.61 
FLD13 76.77 
FLD13 76.14 
FLD13 74.28 
FLD13 76.43 
FLD13 74.48 
FLD13 75.48 
FLD13 75.79 
FLD13 75.66 
FLD13 75.97 
FLD13 73.68 
FLD13 75.85 
FLD13 76.38 
FLD13 73.22 
FLD13 75.08 
FLD13 75.57 
FLD13 75.65 
FLD13 75.85 
FLD13 77.19 
FLD13 75.29 
FLD13 75.99 
FLD13 75.18 
FLD13 75.61 
FLD13 75.30 
FLD13 76.59 
FLD13 77.04 
FLD13 74.54 
FLD13 74.64 
FLD13 76.17 
FLD13 76.40 
FLD13 73.74 
FLD13 74.66 
FLD13 75.14 
FLD13 75.85 
FLD13 73.00 
FLD13 74.85 
FLD13 75.13 
FLD13 75.56 
FLD13 76.35 
FLD13 72.60 
FLD13 74.46 
FLD13 75.16 
FLD13 72.97 
FLD13 75.45 
FLD13 75.46 
FLD13 75.69 
FLD13 73.72 
FLD13 75.52 
FLD13 74.05 
FLD13 74.87 
FLD13 76.21 
FLD13 74.16 


3.18 13.76 0.69 

3.17 14.17 0.71 

3.04 13.83 0.69 

3.14 13.73 0.69 

3.19 14.36 0.71 

3.12 13.32 0.67 

3.21 14.14 0.70 

3.24 14.19 0.71 

3.15 13.84 0.69 

3.23 14.25 0.71 

3.15 13.44 0.67 

3.24 13.30 0.67 

3.21 13.61 0.68 

3.14 13.78 0.69 

3.23 13.80 0.69 

3.15 13.87 0.69 

3.19 14.02 0.70 

3.20 13.81 0.69 

3.19 13.92 0.70 

3.21 14.08 0.70 

3.11 13.71 0.69 

3.20 14.01 0.70 

3.22 14.04 0.70 

3.09 13.68 0.68 

3.17 13.71 0.69 

3.19 13.92 0.69 

3.19 13.97 0.70 

3.20 14.15 0.71 

3.26 13.33 0.67 

3.18 13.51 0.68 

3.21 13.84 0.69 

3.17 13.37 0.67 

3.19 13.66 0.68 

3.18 13.80 0.69 

3.23 13.88 0.69 

3.25 13.62 0.68 

3.15 13.69 0.68 

3.15 13.61 0.68 

3.22 13.74 0.69 

3.22 13.61 0.68 

3.11 13.57 0.68 

3.15 13.77 0.69 

3.17 13.98 0.70 

3.20 13.86 0.69 

3.08 13.34 0.67 

3.16 13.62 0.68 

3.17 13.88 0.69 

3.19 13.78 0.69 

3.22 13.95 0.70 

3.07 14.05 0.70 

3.14 14.07 0.70 

3.17 13.41 0.67 

3.08 13.38 0.67 

3.19 13.93 0.70 

3.19 14.15 0.71 

3.20 13.97 0.70 

3.11 13.52 0.68 

3.19 13.94 0.70 

3.13 13.61 0.68 

3.16 13.79 0.69 

3.22 13.84 0.69 

3.13 13.68 0.68 


3.02 0.22 3.34 

2.93 0.22 3.27 

2.62 0.20 3.15 

2.80 0.21 3.34 

2.98 0.22 3.26 

2.91 0.22 3.44 

2.82 0.21 3.20 

2.88 0.22 3.27 

2.75 0.21 3.30 

3.07 0.23 3.29 

2.69 0.20 3.16 

3.10 0.23 3.49 

2.99 0.22 3.46 

2.83 0.21 3.47 

3.07 0.23 3.42 

2.79 0.21 3.41 

2.91 0.22 3.37 

2.93 0.22 3.24 

2.95 0.22 3.33 

3.01 0.22 3.40 

2.84 0.21 3.25 

3.00 0.22 3.29 

2.93 0.22 3.31 

2.76 0.21 3.31 

3.03 0.23 3.20 

2.93 0.22 3.35 

2.92 0.22 3.35 

2.90 0.22 3.27 

3.14 0.23 3.30 

2.93 0.22 3.29 

2.92 0.22 3.40 

2.94 0.22 3.39 

2.80 0.21 3.23 

2.94 0.22 3.68 

2.99 0.22 3.43 

3.15 0.23 3.54 

2.74 0.21 3.33 

2.95 0.22 3.52 

2.81 0.21 3.41 

2.89 0.22 3.44 

2.91 0.22 3.59 

3.05 0.23 3.57 

2.85 0.21 3.35 

2.95 0.22 3.49 

2.71 0.21 3.44 

2.86 0.21 3.42 

3.14 0.23 3.48 

2.96 0.22 3.39 

3.18 0.23 3.43 

2.92 0.22 3.36 

2.82 0.21 3.20 

3.13 0.23 3.46 

2.80 0.21 3.34 

2.87 0.22 3.29 

2.87 0.22 3.34 

2.86 0.21 3.33 

2.84 0.21 3.42 

2.83 0.21 3.43 

2.83 0.21 3.42 

2.86 0.21 3.35 

2.91 0.22 3.39 

2.78 0.21 3.29 


0.14 3.20 0.14 

0.13 3.43 0.14 

0.13 3.50 0.14 

0.14 3.17 0.13 

0.13 3.26 0.14 

0.14 3.37 0.14 

0.13 3.53 0.14 

0.13 3.42 0.14 

0.13 3.30 0.14 

0.13 3.01 0.13 

0.13 3.15 0.13 

0.14 3.12 0.13 

0.14 3.41 0.14 

0.14 3.37 0.14 

0.14 3.04 0.13 

0.14 3.22 0.14 

0.14 3.19 0.13 

0.13 3.19 0.13 

0.14 3.20 0.13 

0.14 3.21 0.14 

0.13 3.33 0.14 

0.13 3.23 0.14 

0.13 3.22 0.14 

0.13 3.48 0.14 

0.13 3.16 0.13 

0.14 3.33 0.14 

0.14 3.35 0.14 

0.13 3.40 0.14 

0.13 3.28 0.14 

0.13 3.27 0.14 

0.14 3.19 0.13 

0.14 3.26 0.14 

0.13 3.30 0.14 

0.15 3.34 0.14 

0.14 3.22 0.14 

0.14 3.26 0.14 

0.14 3.24 0.14 

0.14 3.16 0.13 

0.14 3.37 0.14 

0.14 3.36 0.14 

0.14 3.06 0.13 

0.14 3.17 0.13 

0.14 3.56 0.15 

0.14 3.48 0.14 

0.14 3.35 0.14 

0.14 3.42 0.14 

0.14 3.21 0.14 

0.14 3.31 0.14 

0.14 3.11 0.13 

0.14 3.65 0.15 

0.13 3.24 0.14 

0.14 3.35 0.14 

0.14 3.33 0.14 

0.13 3.09 0.13 

0.14 3.30 0.14 

0.14 3.22 0.14 

0.14 3.30 0.14 

0.14 3.39 0.14 

0.14 3.38 0.14 

0.14 3.49 0.14 

0.14 3.20 0.14 

0.13 3.37 0.14 


2.61 0.12 0.21 

2.60 0.12 0.21 

2.63 0.12 0.23 

2.69 0.12 0.22 

2.65 0.12 0.31 

2.55 0.12 0.33 

2.58 0.12 0.35 

2.58 0.12 0.39 

2.68 0.12 0.26 

2.61 0.12 0.38 

2.73 0.12 0.29 

2.49 0.11 0.17 

2.65 0.12 0.22 

2.77 0.12 0.33 

2.58 0.12 0.20 

2.75 0.12 0.36 

2.77 0.12 0.23 

2.76 0.12 0.36 

2.64 0.12 0.24 

2.65 0.12 0.33 

2.61 0.12 0.25 

2.70 0.12 0.27 

2.64 0.12 0.31 

2.50 0.11 0.32 

2.61 0.12 0.31 

2.57 0.12 0.26 

2.51 0.11 0.30 

2.60 0.12 0.34 

2.72 0.12 0.34 

2.87 0.13 0.25 

2.26 0.11 0.20 

2.47 0.11 0.38 

2.62 0.12 0.24 

2.62 0.12 0.23 

2.58 0.12 0.20 

2.57 0.12 0.26 

2.80 0.12 0.20 

2.62 0.12 0.20 

2.72 0.12 0.18 

2.56 0.12 0.32 

2.76 0.12 0.15 

2.72 0.12 0.25 

2.71 0.12 0.26 

2.56 0.12 0.34 

2.45 0.11 0.23 

2.67 0.12 0.23 

2.67 0.12 0.30 

2.42 0.11 0.36 

2.57 0.12 0.30 

2.63 0.12 0.25 

2.73 0.12 0.17 

2.64 0.12 0.36 

2.64 0.12 0.32 

2.78 0.12 0.34 

2.54 0.12 0.23 

2.66 0.12 0.32 

2.52 0.12 0.27 

2.76 0.12 0.29 

2.75 0.12 0.28 

2.57 0.12 0.29 

2.64 0.12 0.17 

2.50 0.11 0.28 


0.05 0.58 0.08 

0.05 0.62 0.08 

0.05 0.58 0.08 

0.05 0.54 0.07 

0.06 0.61 0.08 

0.06 0.57 0.07 

0.06 0.52 0.07 

0.06 0.60 0.08 

0.05 0.57 0.07 

0.06 0.60 0.08 

0.06 0.57 0.07 

0.05 0.54 0.07 

0.05 0.57 0.08 

0.06 0.57 0.07 

0.05 0.58 0.08 

0.06 0.58 0.08 

0.05 0.57 0.07 

0.06 0.58 0.08 

0.05 0.55 0.07 

0.06 0.65 0.08 

0.05 0.63 0.08 

0.05 0.62 0.08 

0.06 0.63 0.08 

0.06 0.56 0.07 

0.06 0.56 0.07 

0.05 0.60 0.08 

0.06 0.57 0.08 

0.06 0.63 0.08 

0.06 0.62 0.08 

0.05 0.53 0.07 

0.05 0.59 0.08 

0.06 0.52 0.07 

0.05 0.53 0.07 

0.05 0.55 0.07 

0.05 0.57 0.08 

0.05 0.55 0.07 

0.05 0.49 0.07 

0.05 0.53 0.07 

0.05 0.52 0.07 

0.06 0.53 0.07 

0.05 0.62 0.08 

0.05 0.61 0.08 

0.05 0.59 0.08 

0.06 0.60 0.08 

0.05 0.54 0.07 

0.05 0.57 0.07 

0.06 0.63 0.08 

0.06 0.62 0.08 

0.06 0.64 0.08 

0.05 0.62 0.08 

0.05 0.61 0.08 

0.06 0.50 0.07 

0.06 0.55 0.07 

0.06 0.57 0.07 

0.05 0.54 0.07 

0.06 0.59 0.08 

0.05 0.59 0.08 

0.06 0.53 0.07 

0.05 0.54 0.07 

0.06 0.55 0.07 

0.05 0.59 0.08 

0.05 0.52 0.07 
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FLD13 74.79 
FLD13 76.25 
FLD13 75.50 
FLD13 75.99 
FLD13 74.15 
FLD13 74.41 
FLD13 75.95 
FLD13 73.80 
FLD13 73.95 
FLD13 74.61 
FLD13 74.51 
FLD13 75.16 
FLD13 76.53 
FLD13 76.39 
FLD13 74.60 
FLD13 75.17 
FLD13 74.63 
FLD13 75.06 
FLD13 75.55 
FLD13 76.05 
FLD13 76.12 
FLD13 76.45 
FLD13 71.90 
FLD13 75.05 
FLD13 76.06 
FLD13 76.69 
FLD13 75.42 
FLD13 75.41 
FLD13 74.88 
FLD13 73.43 
FLD13 74.75 
FLD13 74.07 
FLD13 74.97 
FLD13 75.85 
FLD13 74.92 
FLD13 76.75 
FLD13 76.95 
FLD13 75.46 
FLD13 75.54 
FLD13 75.26 
FLD13 75.71 
FLD13 76.48 
FLD13 74.47 
FLD13 75.13 
FLD13 75.79 
FLD13 75.47 
FLD13 75.08 
FLD13 74.48 
FLD13 75.82 
FLD13 76.42 
FLD13 76.31 
FLD13 75.87 
FLD13 75.46 
FLD13 75.72 
FLD13 75.90 
FLD13 76.30 
FLD13 75.96 
FLD13 75.41 
FLD13 75.71 
FLD13 74.95 
FLD13 75.77 
FLD14 75.46 


3.16 13.82 0.69 

3.22 14.12 0.70 

3.19 14.02 0.70 

3.21 13.77 0.69 

3.13 13.49 0.67 

3.14 14.32 0.71 

3.21 13.87 0.69 

3.12 13.52 0.68 

3.12 14.75 0.73 

3.15 14.00 0.70 

3.15 13.74 0.69 

3.17 14.02 0.70 

3.23 13.83 0.69 

3.22 14.43 0.72 

3.15 13.53 0.68 

3.17 14.02 0.70 

3.15 13.70 0.68 

3.17 13.83 0.69 

3.19 13.86 0.69 

3.21 13.56 0.68 

3.21 14.23 0.71 

3.23 14.19 0.71 

3.04 13.68 0.68 

3.17 14.12 0.70 

3.21 13.99 0.70 

3.24 13.52 0.68 

3.18 14.01 0.70 

3.18 13.99 0.70 

3.16 14.00 0.70 

3.10 13.85 0.69 

3.16 14.15 0.71 

3.13 15.20 0.75 

3.17 13.47 0.67 

3.20 13.82 0.69 

3.16 14.20 0.71 

3.24 13.82 0.69 

3.25 14.19 0.71 

3.19 13.74 0.69 

3.19 13.73 0.69 

3.18 14.04 0.70 

3.20 14.28 0.71 

3.23 14.11 0.70 

3.14 13.53 0.68 

3.17 14.04 0.70 

3.20 14.21 0.71 

3.19 13.57 0.68 

3.17 14.38 0.72 

3.15 13.64 0.68 

3.20 13.91 0.69 

3.23 13.93 0.70 

3.22 14.05 0.70 

3.20 13.92 0.69 

3.19 13.98 0.70 

3.20 14.30 0.71 

3.20 14.06 0.70 

3.22 13.94 0.70 

3.21 14.52 0.72 

3.18 13.83 0.69 

3.20 14.36 0.72 

3.16 13.90 0.69 

3.20 13.70 0.68 

3.19 14.54 0.72 


2.86 0.21 3.51 

2.81 0.21 3.47 

2.84 0.21 3.37 

2.85 0.21 3.38 

2.83 0.21 3.40 

2.78 0.21 3.24 

3.09 0.23 3.43 

2.86 0.21 3.31 

2.80 0.21 3.26 

2.76 0.21 3.24 

3.00 0.22 3.55 

2.91 0.22 3.24 

3.01 0.22 3.33 

3.02 0.22 3.29 

2.79 0.21 3.46 

2.86 0.21 3.39 

2.93 0.22 3.33 

2.85 0.21 3.39 

2.87 0.21 3.32 

2.72 0.21 3.29 

2.96 0.22 3.36 

2.87 0.22 3.37 

2.73 0.21 3.40 

2.82 0.21 3.27 

2.79 0.21 3.31 

2.91 0.22 3.43 

2.91 0.22 3.39 

2.85 0.21 3.38 

2.91 0.22 3.33 

2.92 0.22 3.19 

2.81 0.21 3.53 

2.93 0.22 3.33 

2.78 0.21 3.29 

2.70 0.20 3.30 

2.73 0.21 3.33 

2.86 0.21 3.49 

2.98 0.22 3.25 

2.91 0.22 3.39 

2.88 0.22 3.38 

2.89 0.22 3.38 

3.00 0.22 3.33 

2.91 0.22 3.34 

3.02 0.22 3.52 

2.88 0.22 3.51 

2.84 0.21 3.35 

2.84 0.21 3.38 

2.93 0.22 3.37 

3.03 0.22 3.37 

2.85 0.21 3.43 

2.98 0.22 3.37 

2.73 0.21 3.30 

2.89 0.22 3.57 

2.89 0.22 3.18 

2.85 0.21 3.48 

2.84 0.21 3.38 

2.89 0.22 3.36 

3.01 0.22 3.33 

2.88 0.22 3.38 

2.85 0.21 3.39 

3.27 0.24 3.27 

2.98 0.22 3.24 

3.06 0.23 3.31 


0.14 3.45 0.14 

0.14 3.52 0.14 

0.14 3.44 0.14 

0.14 3.38 0.14 

0.14 3.55 0.15 

0.13 3.45 0.14 

0.14 3.24 0.14 

0.13 3.41 0.14 

0.13 3.73 0.15 

0.13 3.40 0.14 

0.14 3.30 0.14 

0.13 3.37 0.14 

0.14 3.27 0.14 

0.13 3.39 0.14 

0.14 3.16 0.13 

0.14 3.37 0.14 

0.14 3.30 0.14 

0.14 3.17 0.13 

0.13 3.14 0.13 

0.13 3.31 0.14 

0.14 3.24 0.14 

0.14 3.15 0.13 

0.14 3.34 0.14 

0.13 3.33 0.14 

0.13 3.44 0.14 

0.14 3.40 0.14 

0.14 3.34 0.14 

0.14 3.48 0.14 

0.14 3.43 0.14 

0.13 3.42 0.14 

0.14 3.77 0.15 

0.14 3.64 0.15 

0.13 3.17 0.13 

0.13 3.45 0.14 

0.14 3.79 0.15 

0.14 3.40 0.14 

0.13 3.30 0.14 

0.14 3.47 0.14 

0.14 3.44 0.14 

0.14 3.83 0.15 

0.14 3.51 0.14 

0.14 3.46 0.14 

0.14 3.22 0.14 

0.14 3.06 0.13 

0.14 3.33 0.14 

0.14 3.33 0.14 

0.14 3.45 0.14 

0.14 3.36 0.14 

0.14 3.25 0.14 

0.14 3.28 0.14 

0.13 3.42 0.14 

0.14 3.26 0.14 

0.13 3.19 0.13 

0.14 3.88 0.16 

0.14 3.36 0.14 

0.14 3.30 0.14 

0.14 3.46 0.14 

0.14 3.47 0.14 

0.14 3.40 0.14 

0.13 3.28 0.14 

0.13 3.16 0.13 

0.13 3.47 0.14 


2.75 0.12 0.33 

2.65 0.12 0.16 

2.38 0.11 0.26 

2.52 0.12 0.30 

2.49 0.11 0.33 

2.80 0.12 0.30 

2.78 0.12 0.20 

2.60 0.12 0.19 

2.71 0.12 0.29 

2.51 0.12 0.32 

2.61 0.12 0.38 

2.61 0.12 0.20 

2.50 0.11 0.16 

2.34 0.11 0.18 

2.86 0.13 0.18 

2.71 0.12 0.24 

2.72 0.12 0.24 

2.70 0.12 0.21 

2.62 0.12 0.24 

2.68 0.12 0.18 

2.69 0.12 0.23 

2.58 0.12 0.38 

2.63 0.12 0.22 

2.79 0.12 0.27 

2.90 0.13 0.22 

2.76 0.12 0.20 

2.41 0.11 0.27 

2.99 0.13 0.37 

2.48 0.11 0.24 

2.64 0.12 0.29 

2.47 0.11 0.22 

2.76 0.12 0.24 

2.73 0.12 0.28 

2.53 0.12 0.30 

2.59 0.12 0.28 

2.56 0.12 0.30 

2.43 0.11 0.30 

2.59 0.12 0.24 

2.55 0.12 0.23 

2.39 0.11 0.31 

2.71 0.12 0.30 

2.71 0.12 0.34 

2.75 0.12 0.31 

2.64 0.12 0.29 

2.61 0.12 0.33 

2.59 0.12 0.21 

2.67 0.12 0.25 

2.75 0.12 0.23 

2.63 0.12 0.28 

2.60 0.12 0.31 

2.63 0.12 0.33 

2.72 0.12 0.18 

2.75 0.12 0.36 

2.58 0.12 0.37 

2.60 0.12 0.19 

2.94 0.13 0.30 

2.71 0.12 0.34 

2.66 0.12 0.20 

2.67 0.12 0.29 

2.56 0.12 0.27 

2.72 0.12 0.28 

2.86 0.13 0.22 


0.06 0.61 0.08 

0.05 0.61 0.08 

0.05 0.58 0.08 

0.06 0.51 0.07 

0.06 0.55 0.07 

0.06 0.62 0.08 

0.05 0.60 0.08 

0.05 0.55 0.07 

0.06 0.58 0.08 

0.06 0.56 0.07 

0.06 0.55 0.07 

0.05 0.55 0.07 

0.05 0.55 0.07 

0.05 0.57 0.08 

0.05 0.55 0.07 

0.05 0.57 0.07 

0.05 0.56 0.07 

0.05 0.54 0.07 

0.05 0.51 0.07 

0.05 0.53 0.07 

0.05 0.57 0.07 

0.06 0.60 0.08 

0.05 0.50 0.07 

0.05 0.58 0.08 

0.05 0.62 0.08 

0.05 0.59 0.08 

0.05 0.57 0.07 

0.06 0.57 0.07 

0.05 0.55 0.07 

0.06 0.54 0.07 

0.05 0.62 0.08 

0.05 0.56 0.07 

0.05 0.58 0.08 

0.06 0.61 0.08 

0.06 0.64 0.08 

0.06 0.61 0.08 

0.06 0.52 0.07 

0.05 0.61 0.08 

0.05 0.56 0.07 

0.06 0.58 0.08 

0.06 0.68 0.08 

0.06 0.59 0.08 

0.06 0.57 0.07 

0.06 0.60 0.08 

0.06 0.60 0.08 

0.05 0.57 0.07 

0.05 0.56 0.07 

0.05 0.58 0.08 

0.05 0.63 0.08 

0.06 0.57 0.07 

0.06 0.58 0.08 

0.05 0.60 0.08 

0.06 0.50 0.07 

0.06 0.62 0.08 

0.05 0.60 0.08 

0.06 0.57 0.07 

0.06 0.62 0.08 

0.05 0.60 0.08 

0.06 0.60 0.08 

0.05 0.60 0.08 

0.05 0.59 0.08 

0.05 0.58 0.08 
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FLD14 74.77 
FLD14 74.80 
FLD14 74.18 
FLD14 75.81 
FLD14 74.58 
FLD14 75.45 
FLD14 74.97 
FLD14 74.31 
FLD14 76.21 
FLD14 76.00 
FLD14 73.82 
FLD14 76.63 
FLD14 74.17 
FLD14 74.73 
FLD14 75.87 
FLD14 76.43 
FLD14 74.29 
FLD14 75.48 
FLD14 75.62 
FLD14 74.47 
FLD14 75.68 
FLD14 74.85 
FLD14 74.11 
FLD14 74.52 
FLD14 76.99 
FLD14 74.43 
FLD14 75.46 
FLD14 74.28 
FLD14 75.82 
FLD14 75.97 
FLD14 73.92 
FLD14 76.63 
FLD14 75.04 
FLD14 76.04 
FLD14 74.00 
FLD14 75.67 
FLD14 74.47 
FLD14 76.32 
FLD14 74.11 
FLD14 73.93 
FLD14 76.01 
FLD14 75.06 
FLD14 75.92 
FLD14 75.29 
FLD14 75.42 
FLD14 75.56 
FLD14 75.72 
FLD14 75.28 
FLD14 74.74 
FLD14 76.28 
FLD14 74.11 
FLD14 75.51 
FLD14 75.85 
FLD14 75.92 
FLD14 76.68 
FLD14 74.40 
FLD14 75.53 
FLD14 74.54 
FLD14 75.86 
FLD14 75.70 
FLD14 73.59 
FLD14 74.57 


3.16 14.13 0.70 

3.16 14.47 0.72 

3.13 14.20 0.71 

3.20 14.33 0.71 

3.15 14.11 0.70 

3.19 14.41 0.72 

3.17 14.06 0.70 

3.14 14.33 0.71 

3.22 14.31 0.71 

3.21 14.23 0.71 

3.12 13.96 0.70 

3.23 14.10 0.70 

3.13 13.89 0.69 

3.16 13.92 0.69 

3.20 13.27 0.66 

3.23 14.34 0.71 

3.14 13.96 0.70 

3.19 14.37 0.72 

3.19 14.18 0.71 

3.14 14.14 0.71 

3.19 14.41 0.72 

3.16 14.00 0.70 

3.13 12.29 0.62 

3.15 14.16 0.71 

3.25 14.48 0.72 

3.14 14.33 0.71 

3.19 14.27 0.71 

3.14 14.15 0.71 

3.20 14.25 0.71 

3.21 14.47 0.72 

3.12 14.29 0.71 

3.23 12.98 0.65 

3.17 14.29 0.71 

3.21 14.06 0.70 

3.13 14.06 0.70 

3.19 14.51 0.72 

3.14 14.82 0.74 

3.22 14.35 0.71 

3.13 14.06 0.70 

3.12 14.28 0.71 

3.21 14.60 0.73 

3.17 14.33 0.71 

3.20 14.68 0.73 

3.18 14.19 0.71 

3.18 14.30 0.71 

3.19 14.45 0.72 

3.20 14.39 0.72 

3.18 14.26 0.71 

3.16 14.22 0.71 

3.22 14.31 0.71 

3.13 14.16 0.71 

3.19 14.26 0.71 

3.20 14.37 0.72 

3.20 14.53 0.72 

3.24 13.48 0.67 

3.14 13.90 0.69 

3.19 14.34 0.71 

3.15 14.44 0.72 

3.20 14.39 0.72 

3.20 13.85 0.69 

3.11 13.67 0.68 

3.15 14.44 0.72 


2.90 0.22 3.26 

2.94 0.22 3.31 

3.09 0.23 3.24 

3.01 0.22 3.33 

2.94 0.22 3.22 

2.72 0.21 3.38 

2.91 0.22 3.31 

2.69 0.20 3.22 

2.83 0.21 3.24 

2.94 0.22 3.36 

2.82 0.21 3.37 

3.04 0.23 3.27 

2.85 0.21 3.30 

2.81 0.21 3.19 

2.83 0.21 3.74 

2.76 0.21 3.19 

2.90 0.22 3.42 

2.93 0.22 3.39 

3.09 0.23 3.45 

2.91 0.22 3.34 

2.83 0.21 3.29 

3.05 0.23 3.44 

3.16 0.23 3.56 

2.63 0.20 3.33 

2.54 0.19 2.99 

2.90 0.22 3.33 

2.84 0.21 3.38 

2.89 0.22 3.32 

3.03 0.23 3.33 

2.99 0.22 3.22 

2.94 0.22 3.36 

3.25 0.24 3.43 

3.00 0.22 3.28 

3.00 0.22 3.41 

2.71 0.21 3.28 

3.06 0.23 3.36 

2.77 0.21 3.17 

2.87 0.22 3.29 

2.75 0.21 3.27 

2.71 0.21 3.41 

2.97 0.22 3.29 

3.02 0.22 3.38 

2.95 0.22 3.25 

2.87 0.22 3.33 

3.01 0.22 3.43 

2.90 0.22 3.38 

2.86 0.21 3.32 

3.13 0.23 3.41 

3.04 0.23 3.46 

2.91 0.22 3.34 

2.72 0.21 3.37 

2.90 0.22 3.29 

3.04 0.23 3.30 

3.04 0.23 3.37 

3.01 0.22 3.38 

2.93 0.22 3.46 

2.97 0.22 3.33 

2.84 0.21 3.18 

2.88 0.22 3.43 

2.89 0.22 3.42 

2.89 0.22 3.53 

2.89 0.22 3.26 


0.13 3.22 0.14 

0.13 3.09 0.13 

0.13 3.18 0.13 

0.14 3.40 0.14 

0.13 3.37 0.14 

0.14 3.39 0.14 

0.13 3.37 0.14 

0.13 3.49 0.14 

0.13 3.26 0.14 

0.14 3.33 0.14 

0.14 3.52 0.14 

0.13 3.17 0.13 

0.13 3.49 0.14 

0.13 3.26 0.14 

0.15 3.35 0.14 

0.13 3.38 0.14 

0.14 3.32 0.14 

0.14 3.36 0.14 

0.14 3.28 0.14 

0.14 3.39 0.14 

0.13 3.41 0.14 

0.14 3.28 0.14 

0.14 3.30 0.14 

0.14 3.44 0.14 

0.12 3.35 0.14 

0.14 3.50 0.14 

0.14 3.38 0.14 

0.14 3.44 0.14 

0.14 3.13 0.13 

0.13 3.39 0.14 

0.14 3.58 0.15 

0.14 3.19 0.13 

0.13 3.38 0.14 

0.14 3.16 0.13 

0.13 3.35 0.14 

0.14 3.25 0.14 

0.13 3.41 0.14 

0.13 3.31 0.14 

0.13 3.24 0.14 

0.14 3.49 0.14 

0.13 3.29 0.14 

0.14 3.31 0.14 

0.13 3.43 0.14 

0.14 3.43 0.14 

0.14 3.36 0.14 

0.14 3.36 0.14 

0.14 3.43 0.14 

0.14 3.36 0.14 

0.14 3.28 0.14 

0.14 3.44 0.14 

0.14 3.57 0.15 

0.13 3.47 0.14 

0.13 3.38 0.14 

0.14 3.46 0.14 

0.14 3.14 0.13 

0.14 3.26 0.14 

0.14 3.42 0.14 

0.13 3.26 0.14 

0.14 3.32 0.14 

0.14 3.31 0.14 

0.14 3.18 0.13 

0.13 3.56 0.15 


2.65 0.12 0.20 

2.67 0.12 0.23 

2.81 0.12 0.23 

3.08 0.13 0.28 

2.77 0.12 0.32 

2.71 0.12 0.24 

2.78 0.12 0.26 

2.80 0.12 0.22 

2.62 0.12 0.24 

2.61 0.12 0.33 

2.84 0.13 0.24 

2.68 0.12 0.27 

2.68 0.12 0.30 

2.51 0.12 0.35 

2.81 0.12 0.22 

2.86 0.13 0.28 

2.75 0.12 0.26 

2.84 0.13 0.24 

2.76 0.12 0.37 

2.66 0.12 0.18 

2.77 0.12 0.15 

2.79 0.12 0.31 

2.86 0.13 0.30 

2.86 0.13 0.21 

2.47 0.11 0.21 

2.78 0.12 0.37 

2.67 0.12 0.20 

2.93 0.13 0.28 

2.62 0.12 0.16 

2.82 0.12 0.21 

2.79 0.12 0.32 

2.88 0.13 0.30 

2.64 0.12 0.20 

2.72 0.12 0.17 

2.74 0.12 0.22 

2.74 0.12 0.20 

2.88 0.13 0.27 

2.88 0.13 0.20 

2.80 0.12 0.29 

2.87 0.13 0.26 

2.75 0.12 0.24 

2.95 0.13 0.29 

2.76 0.12 0.19 

2.90 0.13 0.20 

2.95 0.13 0.21 

2.75 0.12 0.28 

3.00 0.13 0.27 

2.64 0.12 0.27 

2.71 0.12 0.25 

2.68 0.12 0.18 

2.63 0.12 0.17 

2.68 0.12 0.31 

2.88 0.13 0.28 

2.74 0.12 0.21 

2.56 0.12 0.21 

2.75 0.12 0.26 

2.75 0.12 0.28 

2.73 0.12 0.20 

2.87 0.13 0.30 

2.73 0.12 0.33 

2.67 0.12 0.25 

2.67 0.12 0.23 


0.05 0.64 0.08 

0.05 0.59 0.08 

0.05 0.64 0.08 

0.06 0.63 0.08 

0.06 0.65 0.08 

0.05 0.64 0.08 

0.05 0.63 0.08 

0.05 0.59 0.08 

0.05 0.64 0.08 

0.06 0.62 0.08 

0.05 0.63 0.08 

0.05 0.58 0.08 

0.06 0.57 0.07 

0.06 0.62 0.08 

0.05 0.63 0.08 

0.06 0.64 0.08 

0.05 0.59 0.08 

0.05 0.72 0.08 

0.06 0.64 0.08 

0.05 0.60 0.08 

0.05 0.62 0.08 

0.06 0.60 0.08 

0.06 0.57 0.07 

0.05 0.57 0.07 

0.05 0.62 0.08 

0.06 0.62 0.08 

0.05 0.58 0.08 

0.05 0.58 0.08 

0.05 0.60 0.08 

0.05 0.57 0.07 

0.06 0.62 0.08 

0.06 0.59 0.08 

0.05 0.60 0.08 

0.05 0.61 0.08 

0.05 0.65 0.08 

0.05 0.66 0.08 

0.05 0.50 0.07 

0.05 0.68 0.08 

0.06 0.60 0.08 

0.05 0.56 0.07 

0.05 0.72 0.08 

0.06 0.68 0.08 

0.05 0.62 0.08 

0.05 0.58 0.08 

0.05 0.56 0.07 

0.06 0.61 0.08 

0.05 0.63 0.08 

0.05 0.64 0.08 

0.05 0.63 0.08 

0.05 0.64 0.08 

0.05 0.57 0.07 

0.06 0.52 0.07 

0.05 0.60 0.08 

0.05 0.59 0.08 

0.05 0.63 0.08 

0.05 0.55 0.07 

0.05 0.63 0.08 

0.05 0.65 0.08 

0.06 0.58 0.08 

0.06 0.63 0.08 

0.05 0.60 0.08 

0.05 0.69 0.08 
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FLD14 74.90 
FLD14 75.45 
FLD14 75.32 
FLD14 75.75 
FLD14 76.31 
FLD14 74.58 
FLD14 74.70 
FLD14 74.73 
FLD14 74.82 
FLD14 75.29 
FLD14 73.79 
FLD14 73.52 
FLD14 74.40 
FLD14 74.63 
FLD14 75.69 
FLD14 73.75 
FLD14 76.18 
FLD14 75.51 
FLD14 74.37 
FLD14 73.95 
FLD14 74.98 
FLD14 73.64 
FLD14 75.30 
FLD14 76.65 
FLD14 75.38 
FLD14 76.01 
FLD15 73.02 
FLD15 72.64 
FLD15 72.11 
FLD15 72.27 
FLD15 71.36 
FLD15 71.54 
FLD15 75.36 
FLD15 72.89 
FLD15 72.58 
FLD15 72.53 
FLD15 72.61 
FLD15 71.28 
FLD15 71.58 
FLD15 72.24 
FLD15 72.96 
FLD15 73.04 
FLD15 75.33 
FLD15 74.04 
FLD15 72.55 
FLD15 73.03 
FLD15 72.70 
FLD15 72.48 
FLD15 71.34 
FLD15 72.41 
FLD15 73.90 
FLD15 71.71 
FLD15 72.44 
FLD15 71.59 
FLD15 71.83 
FLD15 73.09 
FLD15 74.93 
FLD15 73.13 
FLD15 74.27 
FLD15 71.71 
FLD15 73.44 
FLD15 72.33 


3.16 13.87 0.69 

3.19 14.17 0.71 

3.18 14.28 0.71 

3.20 14.62 0.73 

3.22 14.29 0.71 

3.15 14.32 0.71 

3.15 13.64 0.68 

3.16 14.40 0.72 

3.16 14.16 0.71 

3.18 14.15 0.71 

3.12 13.86 0.69 

3.11 13.86 0.69 

3.14 14.81 0.74 

3.15 14.51 0.72 

3.20 14.10 0.70 

3.12 13.87 0.69 

3.22 14.43 0.72 

3.19 14.22 0.71 

3.14 14.06 0.70 

3.12 15.20 0.75 

3.17 14.31 0.71 

3.11 14.72 0.73 

3.18 14.29 0.71 

3.24 14.03 0.70 

3.18 14.38 0.72 

3.21 14.53 0.72 

3.08 12.98 0.65 

3.07 12.67 0.64 

3.05 12.92 0.65 

3.05 13.18 0.66 

3.02 12.42 0.63 

3.02 12.75 0.64 

3.18 12.90 0.65 

3.08 13.00 0.65 

3.07 12.58 0.63 

3.06 12.73 0.64 

3.07 13.01 0.65 

3.01 12.65 0.64 

3.03 12.77 0.64 

3.05 12.50 0.63 

3.08 13.00 0.65 

3.09 12.92 0.65 

3.18 13.65 0.68 

3.13 13.27 0.66 

3.07 13.01 0.65 

3.09 12.90 0.65 

3.07 11.54 0.58 

3.06 12.91 0.65 

3.02 12.77 0.64 

3.06 12.88 0.65 

3.12 12.80 0.64 

3.03 12.76 0.64 

3.06 12.97 0.65 

3.03 12.82 0.64 

3.04 12.31 0.62 

3.09 12.88 0.65 

3.16 13.16 0.66 

3.09 13.37 0.67 

3.14 12.84 0.65 

3.03 12.81 0.64 

3.10 13.02 0.65 

3.06 12.74 0.64 


2.97 0.22 3.35 

2.85 0.21 3.30 

2.99 0.22 3.35 

3.04 0.23 3.30 

3.11 0.23 3.29 

3.01 0.22 3.49 

3.01 0.22 3.57 

3.00 0.22 3.32 

3.03 0.23 3.41 

2.95 0.22 3.38 

2.82 0.21 3.46 

2.86 0.21 3.56 

2.75 0.21 3.14 

3.14 0.23 3.32 

2.93 0.22 3.37 

2.78 0.21 3.48 

2.90 0.22 3.43 

2.92 0.22 3.47 

2.77 0.21 3.33 

2.74 0.21 3.14 

2.72 0.21 3.40 

2.81 0.21 3.37 

2.94 0.22 3.66 

2.77 0.21 3.32 

2.76 0.21 3.41 

2.88 0.22 3.38 

3.39 0.25 3.79 

3.42 0.25 3.92 

3.20 0.24 3.69 

3.42 0.25 3.86 

3.30 0.24 3.78 

3.19 0.23 3.78 

3.56 0.26 3.62 

3.46 0.25 3.80 

3.33 0.24 4.00 

3.35 0.24 3.77 

3.43 0.25 3.84 

3.29 0.24 3.76 

3.27 0.24 3.84 

3.26 0.24 3.72 

3.36 0.25 3.67 

3.32 0.24 3.77 

3.53 0.26 3.66 

3.35 0.24 3.70 

3.31 0.24 3.91 

3.31 0.24 3.72 

3.10 0.23 3.67 

3.39 0.25 3.74 

3.27 0.24 3.79 

3.43 0.25 3.68 

3.34 0.24 3.76 

3.34 0.24 3.72 

3.32 0.24 3.76 

3.14 0.23 3.55 

3.33 0.24 3.90 

3.40 0.25 3.76 

3.48 0.25 3.77 

3.26 0.24 3.72 

3.33 0.24 3.68 

3.28 0.24 3.79 

3.38 0.25 3.74 

3.28 0.24 3.80 


0.14 3.37 0.14 

0.13 3.22 0.14 

0.14 3.31 0.14 

0.13 3.29 0.14 

0.13 3.27 0.14 

0.14 3.41 0.14 

0.14 3.19 0.13 

0.13 3.46 0.14 

0.14 3.39 0.14 

0.14 3.26 0.14 

0.14 3.24 0.14 

0.14 3.41 0.14 

0.13 3.38 0.14 

0.13 3.47 0.14 

0.14 3.28 0.14 

0.14 3.45 0.14 

0.14 3.32 0.14 

0.14 3.52 0.14 

0.14 3.56 0.15 

0.13 3.50 0.14 

0.14 3.41 0.14 

0.14 3.44 0.14 

0.15 2.08 0.10 

0.13 3.42 0.14 

0.14 3.49 0.14 

0.14 3.39 0.14 

0.15 3.57 0.15 

0.15 2.60 0.12 

0.15 3.09 0.13 

0.15 2.78 0.12 

0.15 3.00 0.13 

0.15 3.76 0.15 

0.14 2.86 0.12 

0.15 3.52 0.14 

0.16 2.75 0.12 

0.15 3.19 0.13 

0.15 2.83 0.12 

0.15 3.21 0.14 

0.15 3.61 0.15 

0.15 2.89 0.13 

0.15 3.32 0.14 

0.15 3.17 0.13 

0.15 3.05 0.13 

0.15 3.46 0.14 

0.15 2.69 0.12 

0.15 3.40 0.14 

0.15 2.98 0.13 

0.15 3.27 0.14 

0.15 3.02 0.13 

0.15 3.29 0.14 

0.15 3.10 0.13 

0.15 3.37 0.14 

0.15 3.33 0.14 

0.14 3.22 0.14 

0.15 2.70 0.12 

0.15 3.33 0.14 

0.15 3.20 0.14 

0.15 2.88 0.13 

0.15 2.95 0.13 

0.15 3.79 0.15 

0.15 3.49 0.14 

0.15 3.66 0.15 


2.58 0.12 0.26 

2.57 0.12 0.17 

2.93 0.13 0.26 

2.85 0.13 0.30 

2.54 0.12 0.26 

2.93 0.13 0.22 

2.81 0.12 0.24 

2.77 0.12 0.15 

2.85 0.13 0.25 

2.81 0.12 0.25 

2.73 0.12 0.25 

2.78 0.12 0.17 

2.82 0.12 0.24 

2.82 0.12 0.31 

2.73 0.12 0.26 

2.87 0.13 0.29 

2.67 0.12 0.23 

2.80 0.12 0.28 

2.80 0.12 0.26 

2.76 0.12 0.21 

2.86 0.13 0.23 

3.09 0.13 0.25 

2.93 0.13 0.43 

2.62 0.12 0.23 

2.84 0.13 0.30 

2.59 0.12 0.18 

2.74 0.12 0.30 

2.74 0.12 0.29 

2.95 0.13 0.33 

2.82 0.12 0.32 

2.71 0.12 0.28 

2.71 0.12 0.31 

2.67 0.12 0.29 

2.68 0.12 0.33 

2.48 0.11 0.29 

2.72 0.12 0.28 

2.76 0.12 0.31 

2.84 0.13 0.33 

2.80 0.12 0.30 

2.63 0.12 0.26 

2.76 0.12 0.29 

2.65 0.12 0.30 

2.69 0.12 0.30 

2.77 0.12 0.28 

2.71 0.12 0.26 

2.66 0.12 0.33 

2.66 0.12 0.26 

2.50 0.11 0.37 

2.62 0.12 0.28 

2.60 0.12 0.29 

2.62 0.12 0.25 

2.75 0.12 0.36 

2.64 0.12 0.27 

2.83 0.12 0.31 

2.58 0.12 0.27 

2.69 0.12 0.31 

2.74 0.12 0.31 

2.93 0.13 0.41 

2.63 0.12 0.31 

2.81 0.12 0.41 

2.75 0.12 0.28 

2.63 0.12 0.33 


0.05 0.57 0.07 

0.05 0.63 0.08 

0.05 0.62 0.08 

0.06 0.65 0.08 

0.05 0.57 0.07 

0.05 0.64 0.08 

0.05 0.54 0.07 

0.05 0.56 0.07 

0.05 0.55 0.07 

0.05 0.65 0.08 

0.05 0.57 0.07 

0.05 0.57 0.08 

0.05 0.51 0.07 

0.06 0.68 0.08 

0.05 0.61 0.08 

0.06 0.53 0.07 

0.05 0.64 0.08 

0.05 0.58 0.08 

0.05 0.56 0.07 

0.05 0.54 0.07 

0.05 0.59 0.08 

0.05 0.62 0.08 

0.06 0.64 0.08 

0.05 0.63 0.08 

0.06 0.65 0.08 

0.05 0.63 0.08 

0.06 0.63 0.08 

0.06 0.39 0.07 

0.06 0.57 0.07 

0.06 0.58 0.08 

0.05 0.54 0.07 

0.06 0.62 0.08 

0.06 0.55 0.07 

0.06 0.55 0.07 

0.06 0.43 0.07 

0.05 0.53 0.07 

0.06 0.57 0.07 

0.06 0.53 0.07 

0.06 0.57 0.07 

0.05 0.46 0.07 

0.06 0.59 0.08 

0.06 0.55 0.07 

0.06 0.60 0.08 

0.06 0.59 0.08 

0.05 0.54 0.07 

0.06 0.59 0.08 

0.05 0.58 0.08 

0.06 0.53 0.07 

0.06 0.50 0.07 

0.06 0.55 0.07 

0.05 0.54 0.07 

0.06 0.61 0.08 

0.05 0.60 0.08 

0.06 0.57 0.08 

0.05 0.38 0.07 

0.06 0.58 0.08 

0.06 0.59 0.08 

0.06 0.64 0.08 

0.06 0.52 0.07 

0.06 0.65 0.08 

0.05 0.59 0.08 

0.06 0.61 0.08 
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FLD15 71.34 
FLD15 73.12 
FLD15 73.41 
FLD15 73.44 
FLD15 72.75 
FLD15 73.03 
FLD15 76.50 
FLD15 73.60 
FLD15 73.26 
FLD15 72.20 
FLD15 74.13 
FLD15 73.60 
FLD15 73.13 
FLD15 73.03 
FLD15 72.68 
FLD15 71.78 
FLD15 75.56 
FLD15 71.62 
FLD15 73.62 
FLD15 74.31 
FLD15 71.36 
FLD15 74.08 
FLD15 74.29 
FLD15 74.50 
FLD15 74.26 
FLD15 74.28 
FLD15 74.58 
FLD15 72.78 
FLD15 74.75 
FLD15 73.04 
FLD15 74.91 
FLD15 72.34 
FLD15 74.00 
FLD15 73.35 
FLD15 73.54 
FLD15 71.61 
FLD15 73.85 
FLD15 73.84 
FLD15 74.15 
FLD15 71.40 
FLD15 73.69 
FLD15 72.82 
FLD15 72.25 
FLD15 73.24 
FLD15 72.24 
FLD15 74.72 
FLD15 74.09 
FLD15 73.95 
FLD15 74.22 
FLD15 72.91 
FLD15 74.06 
FLD15 72.44 
FLD15 74.14 
FLD15 74.77 
FLD15 74.26 
FLD15 73.20 
FLD15 75.64 
FLD15 73.35 
FLD15 71.85 
FLD15 73.61 
FLD15 73.53 
FLD15 71.51 


3.02 12.96 0.65 

3.09 13.18 0.66 

3.10 12.63 0.64 

3.10 12.87 0.65 

3.07 12.58 0.63 

3.09 12.79 0.64 

3.23 11.81 0.60 

3.11 13.11 0.66 

3.09 12.91 0.65 

3.05 12.87 0.65 

3.13 12.73 0.64 

3.11 12.52 0.63 

3.09 12.86 0.65 

3.09 13.32 0.67 

3.07 12.89 0.65 

3.03 12.51 0.63 

3.19 13.20 0.66 

3.03 12.38 0.62 

3.11 13.04 0.65 

3.14 12.30 0.62 

3.02 12.64 0.64 

3.13 13.69 0.68 

3.14 13.10 0.66 

3.15 13.39 0.67 

3.14 13.22 0.66 

3.14 13.34 0.67 

3.15 13.04 0.65 

3.07 12.87 0.65 

3.16 13.11 0.66 

3.09 12.66 0.64 

3.16 13.20 0.66 

3.06 12.82 0.64 

3.13 13.02 0.65 

3.10 13.62 0.68 

3.11 13.03 0.65 

3.03 12.58 0.63 

3.12 12.98 0.65 

3.12 13.03 0.65 

3.13 12.87 0.65 

3.02 12.40 0.62 

3.11 12.89 0.65 

3.08 12.76 0.64 

3.05 13.67 0.68 

3.09 13.19 0.66 

3.05 12.76 0.64 

3.16 12.37 0.62 

3.13 13.08 0.66 

3.12 13.22 0.66 

3.13 12.62 0.63 

3.08 13.05 0.65 

3.13 12.84 0.64 

3.06 12.81 0.64 

3.13 12.98 0.65 

3.16 13.23 0.66 

3.14 12.89 0.65 

3.09 12.63 0.64 

3.19 12.64 0.64 

3.10 12.96 0.65 

3.04 12.66 0.64 

3.11 12.82 0.64 

3.11 13.03 0.65 

3.02 13.24 0.66 


3.30 0.24 3.83 

3.43 0.25 3.88 

3.34 0.24 3.70 

3.10 0.23 3.68 

3.32 0.24 3.64 

3.36 0.25 3.88 

3.22 0.24 3.55 

3.45 0.25 3.75 

3.34 0.24 3.70 

3.35 0.24 3.73 

3.38 0.25 3.70 

3.47 0.25 3.81 

3.35 0.24 3.72 

3.12 0.23 3.62 

3.42 0.25 3.80 

3.24 0.24 3.78 

3.48 0.25 3.62 

3.04 0.23 3.76 

3.39 0.25 3.71 

3.19 0.24 3.72 

3.28 0.24 3.89 

3.41 0.25 3.61 

3.47 0.25 3.91 

3.39 0.25 3.72 

3.54 0.26 3.77 

3.43 0.25 3.56 

3.43 0.25 3.69 

3.39 0.25 3.78 

3.46 0.25 3.66 

3.38 0.25 3.78 

3.48 0.25 3.70 

3.44 0.25 3.81 

3.16 0.23 3.52 

3.34 0.24 3.72 

3.43 0.25 3.79 

2.90 0.22 3.78 

3.35 0.24 3.76 

3.30 0.24 3.75 

3.31 0.24 3.65 

3.23 0.24 3.74 

3.41 0.25 3.82 

3.25 0.24 3.79 

3.58 0.26 3.90 

3.43 0.25 3.84 

3.31 0.24 3.77 

3.31 0.24 3.78 

3.43 0.25 3.70 

3.44 0.25 3.80 

3.45 0.25 3.74 

3.47 0.25 3.85 

3.56 0.26 3.78 

3.51 0.25 3.80 

3.33 0.24 3.62 

3.31 0.24 3.73 

3.39 0.25 3.80 

3.13 0.23 3.88 

3.29 0.24 3.58 

3.37 0.25 3.75 

3.35 0.24 3.95 

3.28 0.24 3.85 

3.46 0.25 3.74 

3.35 0.25 3.88 


0.15 2.90 0.13 

0.15 2.95 0.13 

0.15 3.35 0.14 

0.15 2.59 0.12 

0.14 3.17 0.13 

0.15 2.85 0.12 

0.14 2.69 0.12 

0.15 3.55 0.15 

0.15 2.94 0.13 

0.15 3.36 0.14 

0.15 3.21 0.14 

0.15 2.75 0.12 

0.15 3.13 0.13 

0.14 3.07 0.13 

0.15 3.18 0.13 

0.15 3.44 0.14 

0.14 3.26 0.14 

0.15 3.76 0.15 

0.15 3.13 0.13 

0.15 3.08 0.13 

0.15 3.06 0.13 

0.14 2.99 0.13 

0.15 2.38 0.11 

0.15 2.99 0.13 

0.15 2.60 0.12 

0.14 2.88 0.13 

0.15 3.08 0.13 

0.15 3.05 0.13 

0.15 2.64 0.12 

0.15 3.13 0.13 

0.15 3.31 0.14 

0.15 3.37 0.14 

0.14 3.25 0.14 

0.15 3.13 0.13 

0.15 3.32 0.14 

0.15 3.55 0.15 

0.15 3.16 0.13 

0.15 3.52 0.14 

0.15 3.15 0.13 

0.15 3.19 0.13 

0.15 3.36 0.14 

0.15 3.39 0.14 

0.15 2.64 0.12 

0.15 2.79 0.12 

0.15 3.02 0.13 

0.15 3.10 0.13 

0.15 3.05 0.13 

0.15 3.15 0.13 

0.15 3.11 0.13 

0.15 3.34 0.14 

0.15 3.14 0.13 

0.15 3.16 0.13 

0.14 3.30 0.14 

0.15 3.00 0.13 

0.15 3.01 0.13 

0.15 2.80 0.12 

0.14 3.03 0.13 

0.15 3.35 0.14 

0.15 3.16 0.13 

0.15 3.23 0.14 

0.15 3.07 0.13 

0.15 3.40 0.14 


2.96 0.13 0.35 

2.83 0.12 0.32 

2.60 0.12 0.32 

2.83 0.13 0.35 

2.58 0.12 0.34 

2.70 0.12 0.32 

2.48 0.11 0.28 

2.78 0.12 0.29 

2.70 0.12 0.25 

2.78 0.12 0.28 

2.76 0.12 0.26 

2.71 0.12 0.28 

2.75 0.12 0.28 

2.82 0.12 0.33 

2.66 0.12 0.25 

2.80 0.12 0.32 

2.72 0.12 0.30 

2.84 0.13 0.33 

2.85 0.13 0.33 

2.55 0.12 0.28 

2.79 0.12 0.26 

2.86 0.13 0.36 

2.84 0.13 0.33 

2.58 0.12 0.29 

2.79 0.12 0.32 

2.90 0.13 0.30 

2.82 0.12 0.28 

2.69 0.12 0.30 

2.62 0.12 0.25 

2.62 0.12 0.28 

2.75 0.12 0.29 

2.77 0.12 0.29 

3.00 0.13 0.31 

2.73 0.12 0.30 

2.69 0.12 0.33 

2.73 0.12 0.34 

2.78 0.12 0.26 

2.68 0.12 0.33 

2.67 0.12 0.30 

2.71 0.12 0.27 

2.77 0.12 0.36 

2.70 0.12 0.36 

2.58 0.12 0.23 

2.85 0.13 0.29 

2.62 0.12 0.36 

2.67 0.12 0.27 

2.68 0.12 0.27 

2.69 0.12 0.34 

2.80 0.12 0.26 

2.77 0.12 0.28 

2.79 0.12 0.33 

2.72 0.12 0.31 

2.85 0.13 0.26 

2.84 0.13 0.38 

2.70 0.12 0.29 

2.76 0.12 0.26 

2.61 0.12 0.27 

2.78 0.12 0.30 

2.71 0.12 0.27 

2.67 0.12 0.30 

2.74 0.12 0.32 

2.74 0.12 0.32 


0.06 0.62 0.08 

0.06 0.57 0.07 

0.06 0.53 0.07 

0.06 0.56 0.07 

0.06 0.55 0.07 

0.06 0.49 0.07 

0.05 0.50 0.07 

0.06 0.62 0.08 

0.05 0.55 0.07 

0.06 0.55 0.07 

0.05 0.50 0.07 

0.05 0.48 0.07 

0.06 0.57 0.08 

0.06 0.55 0.07 

0.05 0.53 0.07 

0.06 0.63 0.08 

0.06 0.58 0.08 

0.06 0.50 0.07 

0.06 0.54 0.07 

0.06 0.53 0.07 

0.05 0.57 0.07 

0.06 0.52 0.07 

0.06 0.65 0.08 

0.06 0.51 0.07 

0.06 0.58 0.08 

0.06 0.50 0.07 

0.06 0.60 0.08 

0.06 0.54 0.07 

0.05 0.48 0.07 

0.05 0.50 0.07 

0.06 0.62 0.08 

0.06 0.60 0.08 

0.06 0.58 0.08 

0.06 0.53 0.07 

0.06 0.59 0.08 

0.06 0.45 0.07 

0.05 0.56 0.07 

0.06 0.53 0.07 

0.06 0.53 0.07 

0.05 0.46 0.07 

0.06 0.57 0.07 

0.06 0.58 0.08 

0.05 0.57 0.07 

0.06 0.58 0.08 

0.06 0.59 0.08 

0.05 0.53 0.07 

0.05 0.56 0.07 

0.06 0.55 0.07 

0.05 0.53 0.07 

0.05 0.59 0.08 

0.06 0.58 0.08 

0.06 0.55 0.07 

0.05 0.62 0.08 

0.06 0.54 0.07 

0.06 0.51 0.07 

0.05 0.37 0.06 

0.05 0.54 0.07 

0.06 0.55 0.07 

0.05 0.51 0.07 

0.06 0.51 0.07 

0.06 0.52 0.07 

0.06 0.57 0.08 
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FLD15 73.48 
FLD15 75.89 
FLD15 73.87 
FLD15 74.50 
FLD15 74.76 
FLD15 73.03 
FLD15 72.47 
FLD15 73.52 
FLD15 71.16 
FLD15 73.96 
FLD15 73.97 
FLD15 73.97 
FLD15 74.57 
FLD15 74.87 
FLD15 74.20 
FLD15 73.82 
FLD15 74.76 
FLD15 73.44 
FLD15 71.90 
FLD15 73.70 
FLD15 73.29 
FLD15 72.49 
FLD15 75.00 
FLD15 75.63 
FLD15 74.63 
FLD15 77.79 
FLD15 74.15 
FLD15 72.80 
FLD15 72.58 
FLD15 71.32 
FLD15 73.85 
FLD15 72.56 
FLD15 73.70 
FLD15 73.98 
FLD15 73.35 
FLD15 76.09 
FLD15 74.18 
FLD15 72.85 
FLD15 72.83 
FLD15 72.83 
FLD15 74.46 
FLD15 75.60 
FLD15 75.08 
FLD15 73.03 
FLD15 73.68 
FLD15 74.02 
FLD16 75.49 
FLD16 81.71 
FLD16 71.96 
FLD16 72.34 
FLD16 73.70 
FLD16 70.76 
FLD16 74.25 
FLD16 82.47 
FLD16 67.02 
FLD16 73.23 
FLD16 75.60 
FLD16 71.41 
FLD16 75.55 
FLD16 68.58 
FLD16 70.07 
FLD16 75.54 


3.10 13.62 0.68 

3.20 12.64 0.64 

3.12 13.16 0.66 

3.15 13.16 0.66 

3.16 12.95 0.65 

3.09 12.89 0.65 

3.06 12.86 0.65 

3.11 13.14 0.66 

3.01 12.55 0.63 

3.12 12.59 0.63 

3.12 13.22 0.66 

3.12 13.09 0.66 

3.15 12.96 0.65 

3.16 12.47 0.63 

3.13 12.43 0.63 

3.12 13.14 0.66 

3.16 13.17 0.66 

3.10 12.92 0.65 

3.04 13.40 0.67 

3.11 13.03 0.65 

3.10 12.91 0.65 

3.06 12.71 0.64 

3.17 13.25 0.66 

3.19 13.17 0.66 

3.15 13.67 0.68 

3.28 10.84 0.55 

3.13 12.90 0.65 

3.08 12.68 0.64 

3.07 12.30 0.62 

3.01 13.35 0.67 

3.12 12.96 0.65 

3.07 12.74 0.64 

3.11 12.61 0.63 

3.12 13.33 0.67 

3.10 13.16 0.66 

3.21 13.30 0.67 

3.13 13.40 0.67 

3.08 12.95 0.65 

3.08 12.51 0.63 

3.08 12.74 0.64 

3.14 12.92 0.65 

3.19 13.64 0.68 

3.17 13.85 0.69 

3.09 13.02 0.65 

3.11 12.72 0.64 

3.13 13.48 0.67 

3.19 12.44 0.63 

3.44 10.43 0.53 

3.04 13.81 0.69 

3.06 13.07 0.66 

3.11 13.12 0.66 

2.99 15.77 0.78 

3.14 13.97 0.70 

3.48 10.79 0.55 

2.84 15.68 0.78 

3.09 13.85 0.69 

3.19 12.53 0.63 

3.02 16.18 0.80 

3.19 13.33 0.67 

2.90 14.82 0.74 

2.96 15.07 0.75 

3.19 12.88 0.65 


3.44 0.25 3.74 

3.44 0.25 3.83 

3.38 0.25 3.73 

3.38 0.25 3.74 

3.48 0.25 3.78 

3.35 0.24 3.81 

3.31 0.24 3.80 

3.21 0.24 3.78 

3.32 0.24 3.89 

3.30 0.24 3.79 

3.39 0.25 3.67 

3.27 0.24 3.64 

3.38 0.25 3.86 

3.46 0.25 3.84 

3.43 0.25 3.75 

3.39 0.25 3.87 

3.40 0.25 3.67 

3.32 0.24 3.77 

3.38 0.25 3.93 

3.37 0.25 3.72 

3.21 0.24 3.83 

3.33 0.24 3.77 

3.36 0.25 3.66 

3.17 0.23 3.56 

2.94 0.22 3.18 

2.88 0.22 3.43 

3.58 0.26 3.86 

3.32 0.24 3.79 

3.22 0.24 3.81 

3.35 0.24 3.75 

3.30 0.24 3.78 

3.38 0.25 3.79 

3.28 0.24 3.77 

2.96 0.22 3.21 

3.14 0.23 3.60 

3.44 0.25 3.58 

3.48 0.25 3.83 

3.32 0.24 3.71 

3.39 0.25 3.90 

3.27 0.24 3.74 

3.41 0.25 3.77 

3.23 0.24 3.71 

3.21 0.24 3.68 

3.11 0.23 3.67 

3.38 0.25 3.85 

3.39 0.25 3.63 

2.95 0.22 3.81 

2.56 0.20 3.67 

2.78 0.21 3.87 

2.74 0.21 3.79 

2.96 0.22 3.85 

3.28 0.24 4.09 

2.10 0.17 3.59 

2.47 0.19 3.90 

3.75 0.27 4.20 

2.93 0.22 3.67 

2.92 0.22 3.84 

2.57 0.20 3.57 

2.63 0.20 3.63 

3.22 0.24 4.14 

3.40 0.25 4.01 

3.08 0.23 4.05 


0.15 3.18 0.13 

0.15 2.73 0.12 

0.15 2.72 0.12 

0.15 3.51 0.14 

0.15 3.32 0.14 

0.15 3.43 0.14 

0.15 3.61 0.15 

0.15 3.10 0.13 

0.15 3.41 0.14 

0.15 2.34 0.11 

0.15 3.44 0.14 

0.14 3.39 0.14 

0.15 2.97 0.13 

0.15 2.90 0.13 

0.15 2.68 0.12 

0.15 3.82 0.15 

0.15 3.25 0.14 

0.15 3.55 0.15 

0.15 2.98 0.13 

0.15 3.14 0.13 

0.15 3.25 0.14 

0.15 3.36 0.14 

0.15 3.05 0.13 

0.14 3.15 0.13 

0.13 3.44 0.14 

0.14 2.92 0.13 

0.15 2.73 0.12 

0.15 3.24 0.14 

0.15 3.27 0.14 

0.15 3.36 0.14 

0.15 3.36 0.14 

0.15 3.24 0.14 

0.15 3.46 0.14 

0.13 3.07 0.13 

0.14 3.07 0.13 

0.14 3.16 0.13 

0.15 2.96 0.13 

0.15 3.78 0.15 

0.15 3.19 0.13 

0.15 3.33 0.14 

0.15 2.93 0.13 

0.15 2.95 0.13 

0.15 3.15 0.13 

0.15 3.08 0.13 

0.15 3.10 0.13 

0.14 3.05 0.13 

0.15 1.89 0.10 

0.15 0.92 0.07 

0.15 1.84 0.09 

0.15 1.74 0.09 

0.15 1.80 0.09 

0.16 1.47 0.08 

0.14 2.88 0.13 

0.15 0.86 0.06 

0.16 2.50 0.11 

0.15 2.32 O.ll 

0.15 1.36 0.08 

0.14 1.50 0.08 

0.14 0.98 0.07 

0.16 1.43 0.08 

0.16 1.74 0.09 

0.16 1.62 0.09 


2.89 0.13 0.38 

2.56 0.12 0.28 

2.75 0.12 0.31 

2.74 0.12 0.31 

2.67 0.12 0.30 

2.68 0.12 0.38 

2.76 0.12 0.36 

2.94 0.13 0.31 

2.76 0.12 0.33 

2.74 0.12 0.23 

2.85 0.13 0.29 

2.65 0.12 0.30 

2.68 0.12 0.28 

2.99 0.13 0.27 

2.69 0.12 0.30 

2.67 0.12 0.38 

2.64 0.12 0.28 

2.75 0.12 0.31 

2.83 0.12 0.36 

2.84 0.13 0.29 

2.66 0.12 0.29 

2.74 0.12 0.29 

2.55 0.12 0.32 

2.96 0.13 0.28 

2.66 0.12 0.30 

2.36 0.11 0.30 

3.01 0.13 0.31 

2.81 0.12 0.28 

2.72 0.12 0.26 

2.93 0.13 0.34 

2.77 0.12 0.33 

2.81 0.12 0.30 

2.73 0.12 0.25 

2.77 0.12 0.33 

2.84 0.13 0.31 

2.80 0.12 0.28 

2.89 0.13 0.32 

2.98 0.13 0.32 

2.74 0.12 0.26 

2.87 0.13 0.26 

2.76 0.12 0.32 

2.46 0.11 0.29 

2.62 0.12 0.32 

3.15 0.13 0.36 

2.62 0.12 0.27 

2.72 0.12 0.29 

3.14 0.13 0.42 

2.78 0.12 0.28 

2.90 0.13 0.35 

3.01 0.13 0.34 

3.07 0.13 0.37 

3.37 0.14 0.45 

2.96 0.13 0.27 

2.36 0.11 0.34 

3.97 0.16 0.43 

2.98 0.13 0.35 

2.58 0.12 0.27 

3.06 0.13 0.47 

2.68 0.12 0.29 

3.67 0.15 0.43 

3.39 0.14 0.44 

2.82 0.12 0.34 


0.06 0.58 0.08 

0.05 0.47 0.07 

0.06 0.58 0.08 

0.06 0.60 0.08 

0.06 0.55 0.07 

0.06 0.58 0.08 

0.06 0.59 0.08 

0.06 0.60 0.08 

0.06 0.49 0.07 

0.05 0.44 0.07 

0.06 0.57 0.08 

0.06 0.51 0.07 

0.06 0.52 0.07 

0.05 0.53 0.07 

0.06 0.45 0.07 

0.06 0.66 0.08 

0.06 0.59 0.08 

0.06 0.56 0.07 

0.06 0.59 0.08 

0.06 0.59 0.08 

0.06 0.58 0.08 

0.06 0.54 0.07 

0.06 0.52 0.07 

0.06 0.69 0.08 

0.06 0.57 0.08 

0.06 0.51 0.07 

0.06 0.50 0.07 

0.06 0.54 0.07 

0.05 0.50 0.07 

0.06 0.52 0.07 

0.06 0.57 0.07 

0.06 0.57 0.07 

0.05 0.56 0.07 

0.06 0.55 0.07 

0.06 0.54 0.07 

0.06 0.59 0.08 

0.06 0.57 0.07 

0.06 0.59 0.08 

0.05 0.54 0.07 

0.05 0.58 0.08 

0.06 0.50 0.07 

0.06 0.52 0.07 

0.06 0.53 0.07 

0.06 0.61 0.08 

0.05 0.56 0.07 

0.06 0.59 0.08 

0.06 0.59 0.08 

0.06 0.57 0.08 

0.06 0.65 0.08 

0.06 0.59 0.08 

0.06 0.60 0.08 

0.06 0.76 0.08 

0.05 0.52 0.07 

0.06 0.53 0.07 

0.06 0.91 0.09 

0.06 0.60 0.08 

0.05 0.47 0.07 

0.06 0.66 0.08 

0.06 0.34 0.06 

0.06 0.67 0.08 

0.06 0.76 0.09 

0.06 0.52 0.07 
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FLD16 73.91 
FLD16 75.45 
FLD16 72.48 
FLD16 73.27 
FLD16 73.43 
FLD16 76.38 
FLD16 73.88 
FLD16 71.98 
FLD16 76.26 
FLD16 74.50 
FLD16 79.60 
FLD16 69.80 
FLD16 73.27 
FLD16 68.01 
FLD16 71.05 
FLD16 74.11 
FLD16 73.17 
FLD16 76.87 
FLD16 71.97 
FLD16 70.16 
FLD16 77.34 
FLD16 75.42 
FLD16 78.98 
FLD16 72.83 
FLD16 74.54 
FLD16 75.99 
FLD16 79.47 
FLD16 65.15 
FLD16 77.13 
FLD16 67.87 
FLD16 70.02 
FLD16 70.12 
FLD16 66.01 
FLD16 77.31 
FLD16 73.63 
FLD16 72.26 
FLD16 67.45 
FLD16 70.87 
FLD16 75.25 
FLD16 74.35 
FLD16 71.25 
FLD16 71.71 
FLD16 74.76 
FLD16 75.31 
FLD16 73.44 
FLD16 70.64 
FLD16 76.58 
FLD16 75.04 
FLD16 77.82 
FLD16 73.37 
FLD16 72.81 
FLD16 73.17 
FLD16 72.88 
FLD16 76.15 
FLD16 73.07 
FLD16 75.39 
FLD16 75.37 
FLD16 74.57 
FLD16 73.70 
FLD17 73.81 
FLD17 75.56 
FLD17 72.20 


3.12 14.11 0.70 

3.19 13.71 0.68 

3.06 14.50 0.72 

3.10 14.93 0.74 

3.10 14.60 0.73 

3.22 13.78 0.69 

3.12 14.04 0.70 

3.04 15.28 0.76 

3.22 12.29 0.62 

3.15 13.88 0.69 

3.36 10.55 0.54 

2.95 16.26 0.80 

3.10 13.01 0.65 

2.88 15.19 0.75 

3.00 17.16 0.84 

3.13 14.07 0.70 

3.09 13.91 0.69 

3.24 12.82 0.64 

3.04 14.34 0.71 

2.97 14.91 0.74 

3.26 12.81 0.64 

3.18 13.44 0.67 

3.33 11.91 0.60 

3.08 14.98 0.74 

3.15 13.22 0.66 

3.21 13.46 0.67 

3.35 11.73 0.59 

2.76 18.14 0.89 

3.26 13.02 0.65 

2.87 18.75 0.92 

2.96 15.25 0.76 

2.96 14.26 0.71 

2.79 20.91 1.02 

3.26 12.61 0.63 

3.11 13.53 0.68 

3.05 11.40 0.58 

2.85 14.96 0.74 

3.00 15.64 0.77 

3.18 13.54 0.68 

3.14 13.55 0.68 

3.01 14.28 0.71 

3.03 13.66 0.68 

3.16 13.82 0.69 

3.18 13.61 0.68 

3.10 16.05 0.79 

2.99 15.66 0.78 

3.23 12.93 0.65 

3.17 12.75 0.64 

3.28 10.79 0.55 

3.10 15.04 0.75 

3.08 15.39 0.76 

3.09 12.78 0.64 

3.08 14.74 0.73 

3.21 12.96 0.65 

3.09 16.09 0.80 

3.18 13.61 0.68 

3.18 13.43 0.67 

3.15 13.75 0.69 

3.11 15.05 0.75 

3.12 13.04 0.65 

3.19 13.77 0.69 

3.05 13.34 0.67 


3.46 0.25 4.01 

3.15 0.23 3.87 

2.53 0.19 3.60 

2.64 0.20 3.66 

2.80 0.21 3.60 

2.87 0.22 3.93 

3.12 0.23 4.12 

2.20 0.17 3.65 

2.78 0.21 3.71 

3.37 0.25 4.36 

3.03 0.23 4.12 

3.34 0.24 4.11 

2.88 0.22 3.97 

3.51 0.25 4.15 

3.53 0.26 3.88 

2.76 0.21 3.77 

2.73 0.21 3.69 

2.98 0.22 3.94 

3.36 0.25 4.48 

3.18 0.23 4.18 

2.83 0.21 3.73 

3.22 0.24 4.04 

2.51 0.19 3.69 

2.80 0.21 3.86 

3.26 0.24 4.34 

2.15 0.17 4.67 

2.46 0.19 3.83 

3.61 0.26 4.16 

3.25 0.24 3.96 

4.68 0.33 4.62 

3.09 0.23 3.97 

2.55 0.20 4.49 

4.57 0.32 5.20 

3.31 0.24 4.04 

3.37 0.25 4.18 

4.06 0.29 4.90 

4.12 0.29 4.95 

3.16 0.23 4.24 

2.34 0.18 3.19 

2.99 0.22 4.12 

3.27 0.24 4.01 

2.92 0.22 4.16 

2.94 0.22 3.74 

2.77 0.21 3.69 

3.39 0.25 4.19 

2.81 0.21 3.71 

2.84 0.21 3.90 

1.85 0.15 3.69 

3.02 0.22 4.05 

2.98 0.22 3.87 

3.05 0.23 3.94 

3.32 0.24 4.63 

3.15 0.23 3.98 

3.13 0.23 4.08 

2.78 0.21 3.64 

2.88 0.22 3.71 

2.55 0.20 3.64 

2.62 0.20 3.96 

3.81 0.27 4.42 

3.24 0.24 3.89 

3.05 0.23 3.50 

3.35 0.24 3.91 


0.16 2.04 0.10 

0.15 1.80 0.09 

0.14 1.34 0.08 

0.15 1.28 0.08 

0.14 2.59 0.12 

0.15 1.46 0.08 

0.16 1.45 0.08 

0.15 1.27 0.08 

0.15 1.26 0.08 

0.17 1.39 0.08 

0.16 1.30 0.08 

0.16 1.77 0.09 

0.15 1.46 0.08 

0.16 1.92 0.10 

0.15 1.76 0.09 

0.15 2.52 O.il 

0.15 1.58 0.09 

0.15 1.84 0.09 

0.17 1.62 0.09 

0.16 1.64 0.09 

0.15 1.10 0.07 

0.16 2.18 0.10 

0.15 0.93 0.07 

0.15 1.63 0.09 

0.17 1.42 0.08 

0.18 1.06 0.07 

0.15 1.96 0.10 

0.16 1.78 0.09 

0.15 1.72 0.09 

0.17 1.48 0.08 

0.15 1.98 0.10 

0.17 1.64 0.09 

0.19 1.10 0.07 

0.16 1.33 0.08 

0.16 1.85 0.09 

0.18 1.62 0.09 

0.18 1.18 0.07 

0.16 1.96 0.10 

0.13 1.82 0.09 

0.16 1.17 0.07 

0.16 1.80 0.09 

0.16 2.44 0.11 

0.15 1.81 0.09 

0.15 1.68 0.09 

0.16 1.44 0.08 

0.15 1.51 0.08 

0.15 1.30 0.08 

0.15 0.97 0.07 

0.16 1.28 0.08 

0.15 1.62 0.09 

0.15 1.81 0.09 

0.18 1.59 0.09 

0.16 1.59 0.09 

0.16 1.06 0.07 

0.14 0.93 0.07 

0.15 1.24 0.08 

0.14 2.47 0.11 

0.15 1.99 0.10 

0.17 1.79 0.09 

0.15 3.02 0.13 

0.14 2.76 0.12 

0.15 2.43 0.11 


2.99 0.13 0.40 

2.70 0.12 0.33 

3.17 0.14 0.51 

3.09 0.13 0.38 

2.82 0.12 0.38 

2.87 0.13 0.27 

2.93 0.13 0.33 

3.35 0.14 0.45 

2.98 0.13 0.33 

3.08 0.13 0.43 

2.39 0.11 0.24 

3.12 0.13 0.42 

3.43 0.14 0.42 

3.95 0.16 0.40 

3.36 0.14 0.54 

2.82 0.12 0.34 

2.82 0.12 0.36 

2.77 0.12 0.32 

3.20 0.14 0.43 

3.38 0.14 0.44 

2.67 0.12 0.31 

2.74 0.12 0.30 

2.28 0.11 0.23 

3.20 0.14 0.50 

2.94 0.13 0.35 

1.92 0.10 0.30 

2.12 0.10 0.26 

3.54 0.15 0.67 

3.08 0.13 0.31 

3.01 0.13 0.32 

3.18 0.14 0.44 

2.84 0.13 0.31 

0.70 0.06 0.96 

2.75 0.12 0.43 

2.54 0.12 0.34 

3.01 0.13 0.25 

3.13 0.13 0.56 

3.19 0.14 0.39 

3.31 0.14 0.32 

3.17 0.14 0.45 

3.45 0.14 0.52 

3.05 0.13 0.48 

3.14 0.13 0.39 

2.76 0.12 0.35 

2.78 0.12 0.33 

3.54 0.15 0.48 

2.72 0.12 0.23 

2.82 0.12 0.26 

2.97 0.13 0.30 

3.08 0.13 0.38 

3.43 0.14 0.41 

3.05 0.13 0.42 

3.15 0.13 0.37 

3.48 0.15 0.24 

2.73 0.12 0.38 

2.64 0.12 0.27 

2.59 0.12 0.19 

2.80 0.12 0.30 

2.79 0.12 0.42 

2.77 0.12 0.27 

2.77 0.12 0.26 

2.79 0.12 0.28 


0.06 0.73 0.08 

0.06 0.61 0.08 

0.06 0.70 0.08 

0.06 0.64 0.08 

0.06 0.65 0.08 

0.05 0.62 0.08 

0.06 0.58 0.08 

0.06 0.92 0.09 

0.06 0.59 0.08 

0.06 0.88 0.09 

0.05 0.45 0.07 

0.06 0.72 0.08 

0.06 0.66 0.08 

0.06 0.72 0.08 

0.06 0.83 0.09 

0.06 0.69 0.08 

0.06 0.69 0.08 

0.06 0.57 0.07 

0.06 0.77 0.09 

0.06 0.87 0.09 

0.06 0.56 0.07 

0.06 0.54 0.07 

0.05 0.53 0.07 

0.06 0.93 0.09 

0.06 0.50 0.07 

0.06 0.57 0.07 

0.05 0.40 0.07 

0.07 1.03 0.10 

0.06 0.59 0.08 

0.06 1.14 0.10 

0.06 0.74 0.08 

0.06 0.72 0.08 

0.08 0.12 0.05 

0.06 0.54 0.07 

0.06 0.45 0.07 

0.05 0.55 0.07 

0.06 0.63 0.08 

0.06 0.73 0.08 

0.06 0.54 0.07 

0.06 0.64 0.08 

0.06 0.75 0.08 

0.06 0.76 0.08 

0.06 0.55 0.07 

0.06 0.55 0.07 

0.06 0.64 0.08 

0.06 0.82 0.09 

0.05 0.52 0.07 

0.05 0.56 0.07 

0.06 0.50 0.07 

0.06 0.70 0.08 

0.06 0.73 0.08 

0.06 0.64 0.08 

0.06 0.67 0.08 

0.05 0.54 0.07 

0.06 0.55 0.07 

0.05 0.41 0.07 

0.05 0.57 0.07 

0.06 0.58 0.08 

0.06 0.64 0.08 

0.05 0.63 0.08 

0.05 0.62 0.08 

0.05 0.62 0.08 
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FLD17 73.44 
FLD17 72.79 
FLD17 72.95 
FLD17 74.15 
FLD17 76.07 
FLD17 75.16 
FLD17 77.21 
FLD17 72.64 
FLD17 70.91 
FLD17 76.76 
FLD17 74.30 
FLD17 75.04 
FLD17 73.53 
FLD17 72.51 
FLD17 73.28 
FLD17 75.52 
FLD17 76.61 
FLD17 73.25 
FLD17 69.52 
FLD17 75.68 
FLD17 75.02 
FLD17 73.81 
FLD17 75.25 
FLD17 74.87 
FLD17 76.08 
FLD17 74.32 
FLD17 73.02 
FLD17 69.09 
FLD17 73.79 
FLD17 71.99 
FLD17 70.74 
FLD17 74.19 
FLD17 78.43 
FLD17 76.22 
FLD17 73.11 
FLD17 78.80 
FLD18 72.62 
FLD18 72.74 
FLD18 71.93 
FLD18 71.31 
FLD18 73.99 
FLD18 72.99 
FLD18 72.15 
FLD18 75.05 
FLD18 73.77 
FLD18 73.13 
FLD18 74.50 
FLD18 73.02 
FLD18 72.47 
FLD18 71.89 
FLD18 71.63 
FLD18 72.69 
FLD18 75.41 
FLD18 76.29 
FLD18 73.75 
FLD18 75.67 
FLD18 71.14 
FLD18 73.33 
FLD18 72.26 
FLD18 68.55 
FLD18 73.46 
FLD18 73.07 


3.10 13.04 0.65 

3.08 13.06 0.66 

3.08 13.00 0.65 

3.13 12.67 0.64 

3.21 13.49 0.68 

3.17 12.49 0.63 

3.26 13.45 0.67 

3.07 13.38 0.67 

3.00 14.38 0.72 

3.24 12.89 0.65 

3.14 14.16 0.71 

3.17 13.81 0.69 

3.11 13.17 0.66 

3.06 13.55 0.68 

3.10 12.92 0.65 

3.19 13.48 0.67 

3.23 13.23 0.66 

3.09 17.04 0.84 

2.94 15.92 0.79 

3.19 13.51 0.68 

3.17 13.81 0.69 

3.12 12.35 0.62 

3.18 14.67 0.73 

3.16 13.89 0.69 

3.21 12.12 0.61 

3.14 14.01 0.70 

3.08 13.81 0.69 

2.92 18.85 0.92 

3.12 12.11 0.61 

3.04 13.36 0.67 

2.99 14.23 0.71 

3.13 12.71 0.64 

3.31 13.10 0.66 

3.22 12.30 0.62 

3.09 15.57 0.77 

3.32 11.95 0.60 

3.07 12.66 0.64 

3.07 13.58 0.68 

3.04 13.01 0.65 

3.01 13.26 0.66 

3.12 13.20 0.66 

3.08 13.78 0.69 

3.05 12.93 0.65 

3.17 13.73 0.69 

3.12 13.23 0.66 

3.09 13.03 0.65 

3.15 13.67 0.68 

3.08 13.11 0.66 

3.06 13.01 0.65 

3.04 12.66 0.64 

3.03 13.24 0.66 

3.07 12.80 0.64 

3.18 12.58 0.63 

3.22 13.47 0.67 

3.12 13.34 0.67 

3.19 13.50 0.68 

3.01 15.79 0.78 

3.10 13.49 0.67 

3.05 14.63 0.73 

2.90 14.96 0.74 

3.10 12.33 0.62 

3.09 14.19 0.71 


3.25 0.24 3.82 

2.98 0.22 3.68 

3.57 0.26 3.94 

3.51 0.25 3.90 

3.46 0.25 4.08 

3.06 0.23 3.59 

3.13 0.23 3.63 

3.27 0.24 4.08 

3.52 0.26 3.83 

3.18 0.23 3.69 

3.39 0.25 4.02 

3.45 0.25 4.00 

3.31 0.24 4.00 

3.41 0.25 3.94 

3.60 0.26 3.94 

3.23 0.24 3.88 

3.24 0.24 3.98 

3.79 0.27 5.11 

3.86 0.28 5.08 

3.16 0.23 3.83 

3.15 0.23 4.14 

3.24 0.24 3.84 

3.10 0.23 3.60 

3.09 0.23 3.69 

3.03 0.22 4.07 

3.19 0.23 3.99 

3.31 0.24 4.05 

4.24 0.30 5.04 

3.49 0.25 4.37 

3.57 0.26 4.23 

3.59 0.26 4.08 

3.42 0.25 4.02 

2.86 0.21 3.77 

2.90 0.22 3.79 

2.97 0.22 3.48 

3.14 0.23 3.85 

3.76 0.27 4.47 

3.43 0.25 3.95 

3.51 0.25 4.19 

3.64 0.26 4.07 

3.20 0.24 3.82 

3.74 0.27 4.25 

3.10 0.23 3.87 

2.81 0.21 3.42 

3.28 0.24 3.99 

2.66 0.20 3.52 

3.23 0.24 3.79 

3.15 0.23 3.86 

2.61 0.20 3.47 

3.80 0.27 4.23 

3.53 0.26 3.92 

3.37 0.25 4.00 

2.78 0.21 3.58 

2.79 0.21 3.58 

3.10 0.23 3.74 

2.79 0.21 3.47 

3.85 0.28 4.20 

3.72 0.27 4.36 

3.72 0.27 4.07 

3.81 0.27 4.30 

3.58 0.26 4.03 

3.58 0.26 4.32 


0.15 2.08 0.10 

0.15 2.39 0.11 

0.15 2.90 0.13 

0.15 2.25 0.11 

0.16 2.45 0.11 

0.14 2.75 0.12 

0.14 2.75 0.12 

0.16 2.33 0.11 

0.15 2.24 0.11 

0.15 2.63 0.12 

0.16 2.33 0.11 

0.16 2.43 0.11 

0.16 2.07 0.10 

0.15 2.51 0.11 

0.15 2.98 0.13 

0.15 2.33 0.11 

0.16 2.29 0.11 

0.19 1.72 0.09 

0.19 1.80 0.09 

0.15 2.45 0.11 

0.16 2.95 0.13 

0.15 2.49 0.11 

0.14 3.29 0.14 

0.15 3.04 0.13 

0.16 0.63 0.06 

0.16 1.64 0.09 

0.16 2.02 0.10 

0.19 1.39 0.08 

0.17 1.22 0.08 

0.16 1.93 0.10 

0.16 2.19 0.10 

0.16 2.92 0.13 

0.15 1.80 0.09 

0.15 2.39 0.11 

0.14 3.40 0.14 

0.15 1.92 0.10 

0.17 1.98 0.10 

0.15 2.17 0.10 

0.16 1.80 0.09 

0.16 2.13 0.10 

0.15 2.61 0.12 

0.16 2.18 0.10 

0.15 3.07 0.13 

0.14 2.48 0.11 

0.16 2.09 0.10 

0.14 2.47 0.11 

0.15 2.55 0.12 

0.15 2.72 0.12 

0.14 3.15 0.13 

0.16 2.29 0.11 

0.15 2.62 0.12 

0.16 2.01 0.10 

0.14 2.85 0.12 

0.14 3.19 0.13 

0.15 2.64 0.12 

0.14 2.83 0.12 

0.16 2.11 0.10 

0.17 1.07 0.07 

0.16 2.43 0.11 

0.17 2.05 0.10 

0.16 1.93 0.10 

0.17 2.16 0.10 


2.85 0.13 0.28 

2.82 0.12 0.27 

2.55 0.12 0.23 

2.74 0.12 0.24 

2.88 0.13 0.29 

2.69 0.12 0.32 

2.78 0.12 0.28 

3.05 0.13 0.33 

3.06 0.13 0.36 

2.71 0.12 0.17 

3.10 0.13 0.32 

2.80 0.12 0.34 

3.22 0.14 0.36 

2.78 0.12 0.32 

2.67 0.12 0.24 

2.81 0.12 0.32 

2.85 0.13 0.31 

2.19 0.11 0.25 

1.86 0.09 0.18 

2.93 0.13 0.29 

2.70 0.12 0.27 

2.62 0.12 0.26 

2.75 0.12 0.34 

3.06 0.13 0.32 

2.20 0.11 0.10 

2.63 0.12 0.33 

2.91 0.13 0.32 

1.41 0.08 0.13 

2.59 0.12 0.26 

2.57 0.12 0.27 

2.69 0.12 0.26 

2.83 0.13 0.24 

2.56 0.12 0.32 

2.84 0.13 0.27 

3.07 0.13 0.36 

2.74 0.12 0.25 

2.36 0.11 0.31 

2.95 0.13 0.35 

2.71 0.12 0.30 

2.84 0.13 0.33 

2.72 0.12 0.33 

2.78 0.12 0.34 

2.84 0.13 0.35 

2.88 0.13 0.35 

2.82 0.12 0.31 

2.75 0.12 0.34 

2.80 0.12 0.30 

2.77 0.12 0.28 

2.70 0.12 0.34 

2.83 0.13 0.40 

2.76 0.12 0.33 

2.63 0.12 0.27 

2.63 0.12 0.22 

2.59 0.12 0.29 

2.84 0.13 0.31 

2.72 0.12 0.29 

2.42 0.11 0.32 

2.67 0.12 0.36 

3.03 0.13 0.36 

3.26 0.14 0.48 

2.77 0.12 0.36 

2.86 0.13 0.33 


0.06 0.65 0.08 

0.05 0.72 0.08 

0.05 0.56 0.07 

0.05 0.62 0.08 

0.06 0.62 0.08 

0.06 0.55 0.07 

0.05 0.66 0.08 

0.06 0.70 0.08 

0.06 0.78 0.09 

0.05 0.52 0.07 

0.06 0.74 0.08 

0.06 0.72 0.08 

0.06 0.79 0.09 

0.06 0.64 0.08 

0.05 0.58 0.08 

0.06 0.66 0.08 

0.06 0.73 0.08 

0.05 0.53 0.07 

0.05 0.36 0.06 

0.06 0.74 0.08 

0.05 0.57 0.08 

0.05 0.60 0.08 

0.06 0.65 0.08 

0.06 0.73 0.08 

0.05 0.36 0.06 

0.06 0.54 0.07 

0.06 0.67 0.08 

0.05 0.31 0.06 

0.05 0.36 0.06 

0.05 0.55 0.07 

0.05 0.63 0.08 

0.05 0.65 0.08 

0.06 0.62 0.08 

0.05 0.57 0.07 

0.06 0.65 0.08 

0.05 0.65 0.08 

0.06 0.40 0.07 

0.06 0.64 0.08 

0.06 0.56 0.07 

0.06 0.80 0.09 

0.06 0.58 0.08 

0.06 0.61 0.08 

0.06 0.63 0.08 

0.06 0.89 0.09 

0.06 0.58 0.08 

0.06 0.53 0.07 

0.06 0.82 0.09 

0.06 0.56 0.07 

0.06 0.46 0.07 

0.06 0.54 0.07 

0.06 0.56 0.07 

0.05 0.55 0.07 

0.05 0.38 0.06 

0.06 0.75 0.08 

0.06 0.79 0.09 

0.06 0.77 0.09 

0.06 0.95 0.10 

0.06 0.76 0.08 

0.06 0.97 0.10 

0.06 1.02 0.10 

0.06 0.87 0.09 

0.06 0.82 0.09 
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FLD18 73.32 
FLD18 74.69 
FLD18 100.65 
FLD18 75.83 
FLD18 75.67 
FLD18 69.19 
FLD18 70.29 
FLD18 71.51 
FLD18 73.80 
FLD18 73.34 
FLD18 77.75 
FLD18 75.88 
FLD18 73.14 
FLD18 73.40 
FLD18 72.09 
FLD18 72.22 
FLD18 71.55 
FLD18 74.09 
FLD18 73.01 
FLD18 72.26 
FLD18 71.63 
FLD18 74.58 
FLD18 76.48 
FLD18 75.56 
FLD18 75.67 
FLD18 75.72 
FLD18 74.56 
FLD18 73.47 
FLD18 73.93 
FLD18 73.23 
FLD18 72.23 
FLD18 72.76 
FLD18 74.56 
FLD18 74.99 
FLD18 76.07 
FLD18 74.38 
FLD18 72.90 
FLD18 72.00 
FLD18 75.31 
FLD18 73.62 
FLD18 72.80 
FLD18 71.38 
FLD18 70.45 
FLD18 76.25 
FLD18 70.72 
FLD18 74.43 
FLD18 73.47 
FLD18 72.00 
FLD18 72.80 
FLD18 72.58 
FLD18 73.34 
FLD18 73.25 
FLD18 75.24 
FLD18 74.84 
FLD18 76.07 
FLD18 75.27 
FLD18 72.20 
FLD18 72.90 
FLD18 72.44 
FLD18 73.04 
FLD18 74.25 
FLD18 75.06 


3.10 12.86 0.65 

3.15 13.85 0.69 

4.23 0.90 0.09 

3.20 13.77 0.69 

3.19 13.99 0.70 

2.93 14.85 0.74 

2.97 14.24 0.71 

3.02 14.35 0.71 

3.12 13.55 0.68 

3.10 13.56 0.68 

3.28 12.33 0.62 

3.20 13.59 0.68 

3.09 13.10 0.66 

3.10 13.24 0.66 

3.05 13.56 0.68 

3.05 14.37 0.72 

3.02 13.55 0.68 

3.13 13.33 0.67 

3.08 13.67 0.68 

3.05 13.53 0.68 

3.03 13.65 0.68 

3.15 14.44 0.72 

3.23 13.70 0.68 

3.19 13.74 0.69 

3.19 13.36 0.67 

3.20 13.32 0.67 

3.15 13.79 0.69 

3.10 12.71 0.64 

3.12 13.26 0.66 

3.09 13.60 0.68 

3.05 13.77 0.69 

3.07 13.66 0.68 

3.15 14.53 0.72 

3.17 13.56 0.68 

3.21 14.15 0.71 

3.14 13.44 0.67 

3.08 13.67 0.68 

3.04 13.66 0.68 

3.18 12.60 0.63 

3.11 13.52 0.68 

3.08 13.27 0.66 

3.02 14.37 0.72 

2.98 16.71 0.82 

3.22 12.63 0.64 

2.99 12.62 0.63 

3.14 13.98 0.70 

3.10 13.66 0.68 

3.04 13.37 0.67 

3.08 13.19 0.66 

3.07 13.32 0.67 

3.10 13.25 0.66 

3.09 14.52 0.72 

3.18 13.91 0.69 

3.16 11.81 0.60 

3.21 14.57 0.73 

3.18 14.25 0.71 

3.05 13.24 0.66 

3.08 13.46 0.67 

3.06 12.74 0.64 

3.09 13.02 0.65 

3.14 14.83 0.74 

3.17 14.02 0.70 


2.47 0.19 3.39 

2.79 0.21 3.60 

0.66 0.08 0.61 

2.65 0.20 3.36 

2.71 0.20 3.29 

3.89 0.28 4.63 

3.85 0.28 4.26 

3.57 0.26 4.19 

3.41 0.25 4.03 

3.73 0.27 4.09 

2.84 0.21 3.43 

2.65 0.20 3.49 

2.50 0.19 3.43 

2.58 0.20 3.37 

2.63 0.20 3.47 

3.59 0.26 4.09 

3.17 0.23 3.91 

2.94 0.22 3.60 

3.44 0.25 4.01 

3.37 0.25 3.99 

3.55 0.26 3.95 

3.19 0.24 3.78 

2.63 0.20 3.44 

2.69 0.20 3.55 

2.55 0.20 3.42 

2.38 0.18 3.26 

2.69 0.20 3.42 

3.08 0.23 3.91 

3.15 0.23 3.85 

3.28 0.24 3.99 

3.49 0.25 4.29 

3.17 0.23 3.80 

3.38 0.25 4.08 

3.31 0.24 3.96 

2.81 0.21 3.28 

2.61 0.20 3.20 

2.93 0.22 3.52 

3.10 0.23 4.04 

2.70 0.20 3.67 

3.34 0.24 4.01 

3.25 0.24 3.91 

3.59 0.26 4.28 

4.26 0.30 4.64 

3.34 0.24 4.10 

3.55 0.26 4.29 

2.77 0.21 3.43 

2.79 0.21 3.40 

3.20 0.24 3.99 

3.26 0.24 4.00 

3.28 0.24 3.96 

3.20 0.24 3.92 

3.98 0.28 4.55 

2.64 0.20 3.38 

3.03 0.22 3.99 

2.77 0.21 3.41 

2.77 0.21 3.40 

3.16 0.23 3.58 

3.15 0.23 3.99 

3.06 0.23 3.84 

3.29 0.24 4.15 

2.26 0.18 3.08 

2.79 0.21 3.41 


0.14 2.59 0.12 

0.14 2.44 0.11 

0.05 0.03 0.04 

0.14 3.33 0.14 

0.13 2.79 0.12 

0.18 2.04 0.10 

0.16 1.29 0.08 

0.16 2.22 0.11 

0.16 2.07 0.10 

0.16 1.97 0.10 

0.14 2.14 0.10 

0.14 2.72 0.12 

0.14 2.39 0.11 

0.14 2.78 0.12 

0.14 2.94 0.13 

0.16 2.33 0.11 

0.15 2.32 0.11 

0.14 2.77 0.12 

0.16 2.16 0.10 

0.16 2.15 0.10 

0.15 2.08 0.10 

0.15 1.90 0.10 

0.14 2.45 0.11 

0.14 2.53 0.11 

0.14 2.36 0.11 

0.13 2.50 0.11 

0.14 2.90 0.13 

0.15 3.13 0.13 

0.15 2.50 0.11 

0.16 2.63 0.12 

0.16 1.71 0.09 

0.15 3.05 0.13 

0.16 1.90 0.10 

0.15 1.89 0.10 

0.13 3.41 0.14 

0.13 3.39 0.14 

0.14 3.19 0.13 

0.16 2.37 0.11 

0.15 2.66 0.12 

0.16 2.57 0.12 

0.15 2.58 0.12 

0.16 1.57 0.09 

0.18 1.59 0.09 

0.16 1.06 0.07 

0.16 1.77 0.09 

0.14 3.13 0.13 

0.14 3.06 0.13 

0.16 2.50 0.11 

0.16 2.80 0.12 

0.15 2.46 0.11 

0.15 2.01 0.10 

0.17 1.59 0.09 

0.14 2.10 0.10 

0.16 1.28 0.08 

0.14 3.21 0.14 

0.14 3.21 0.14 

0.14 2.87 0.12 

0.16 2.69 0.12 

0.15 2.77 0.12 

0.16 1.84 0.09 

0.13 3.88 0.16 

0.14 3.06 0.13 


2.83 0.12 0.32 

2.96 0.13 0.32 

0.29 0.05 0.03 

2.67 0.12 0.29 

2.73 0.12 0.28 

3.05 0.13 0.31 

2.83 0.12 0.34 

2.66 0.12 0.44 

2.72 0.12 0.35 

2.65 0.12 0.28 

2.67 0.12 0.31 

2.59 0.12 0.34 

2.95 0.13 0.34 

2.93 0.13 0.29 

2.83 0.12 0.31 

2.90 0.13 0.37 

3.53 0.15 0.61 

2.74 0.12 0.31 

3.00 0.13 0.37 

2.87 0.13 0.35 

3.16 0.14 0.45 

2.93 0.13 0.37 

2.70 0.12 0.30 

2.77 0.12 0.34 

2.82 0.12 0.28 

2.89 0.13 0.30 

2.90 0.13 0.33 

2.75 0.12 0.28 

2.78 0.12 0.33 

2.77 0.12 0.27 

2.98 0.13 0.38 

2.59 0.12 0.31 

2.77 0.12 0.37 

2.76 0.12 0.33 

2.78 0.12 0.32 

2.68 0.12 0.29 

2.71 0.12 0.30 

2.81 0.12 0.35 

2.64 0.12 0.27 

2.88 0.13 0.37 

2.82 0.12 0.37 

2.90 0.13 0.35 

2.86 0.13 0.34 

2.17 0.10 0.16 

3.28 0.14 0.33 

2.78 0.12 0.32 

2.75 0.12 0.26 

2.74 0.12 0.29 

2.78 0.12 0.35 

2.93 0.13 0.35 

3.09 0.13 0.40 

2.89 0.13 0.41 

2.83 0.12 0.33 

2.74 0.12 0.29 

2.74 0.12 0.31 

2.72 0.12 0.31 

2.82 0.12 0.32 

2.77 0.12 0.33 

2.89 0.13 0.39 

2.75 0.12 0.30 

2.74 0.12 0.34 

2.70 0.12 0.31 


0.06 0.48 0.07 

0.06 0.83 0.09 

0.05 0.20 0.06 

0.06 0.80 0.09 

0.06 0.81 0.09 

0.06 0.87 0.09 

0.06 0.87 0.09 

0.06 0.87 0.09 

0.06 0.83 0.09 

0.06 0.86 0.09 

0.06 0.51 0.07 

0.06 0.82 0.09 

0.06 0.75 0.08 

0.06 0.48 0.07 

0.06 0.49 0.07 

0.06 0.91 0.09 

0.07 0.90 0.09 

0.06 0.81 0.09 

0.06 0.88 0.09 

0.06 0.84 0.09 

0.06 0.90 0.09 

0.06 0.88 0.09 

0.06 0.77 0.09 

0.06 0.75 0.08 

0.06 0.79 0.09 

0.06 0.74 0.08 

0.06 0.77 0.09 

0.05 0.71 0.08 

0.06 0.85 0.09 

0.05 0.82 0.09 

0.06 0.92 0.09 

0.06 0.79 0.09 

0.06 0.86 0.09 

0.06 0.55 0.07 

0.06 0.81 0.09 

0.06 0.72 0.08 

0.06 0.71 0.08 

0.06 0.77 0.09 

0.05 0.71 0.08 

0.06 0.89 0.09 

0.06 0.82 0.09 

0.06 0.87 0.09 

0.06 0.88 0.09 

0.05 0.36 0.06 

0.06 0.49 0.07 

0.06 0.77 0.09 

0.05 0.47 0.07 

0.06 0.52 0.07 

0.06 0.59 0.08 

0.06 0.60 0.08 

0.06 0.91 0.09 

0.06 1.01 0.10 

0.06 0.54 0.07 

0.06 0.48 0.07 

0.06 0.79 0.09 

0.06 0.78 0.09 

0.06 0.48 0.07 

0.06 0.80 0.09 

0.06 0.60 0.08 

0.06 0.50 0.07 

0.06 0.51 0.07 

0.06 0.50 0.07 
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FLD18 75.19 3.17 13.49 0.67 3.19 0.24 3.96 

FLD18 75.35 3.18 13.80 0.69 3.18 0.23 3.76 

FLD20 78.47 3.31 11.02 0.56 3.37 0.25 4.03 

FLD20 71.99 3.04 13.06 0.66 3.16 0.23 3.58 

FLD20 72.65 3.07 13.49 0.68 3.16 0.23 3.55 

FLD20 72.33 3.06 13.44 0.67 3.30 0.24 3.89 

FLD20 72.26 3.05 14.10 0.70 3.69 0.27 3.85 

FLD20 71.98 3.04 14.44 0.72 3.63 0.26 4.24 

FLD20 77.87 3.29 12.45 0.63 3.30 0.24 4.05 

FLD20 73.01 3.08 13.04 0.65 3.28 0.24 3.72 

FLD20 70.68 2.99 13.89 0.69 3.31 0.24 3.68 

FLD20 70.41 2.98 13.71 0.69 3.80 0.27 3.89 

FLD20 74.25 3.14 13.14 0.66 3.52 0.26 3.84 

FLD20 74.28 3.14 13.10 0.66 3.29 0.24 3.75 

FLD20 73.40 3.10 13.34 0.67 3.31 0.24 3.82 

FLD20 72.38 3.06 13.10 0.66 3.47 0.25 4.21 

FLD20 72.69 3.07 13.33 0.67 3.37 0.25 3.59 

FLD20 77.77 3.28 13.48 0.67 3.60 0.26 3.97 

FLD20 72.36 3.06 14.45 0.72 3.69 0.27 3.80 

FLD20 71.12 3.01 14.35 0.71 3.23 0.24 3.70 

FLD20 70.75 2.99 14.13 0.70 3.25 0.24 3.68 

FLD20 71.32 3.01 13.60 0.68 3.28 0.24 3.70 

FLD20 75.47 3.19 12.99 0.65 3.31 0.24 3.82 

FLD20 74.62 3.15 13.13 0.66 3.26 0.24 3.65 

FLD20 74.40 3.14 13.22 0.66 3.33 0.24 3.74 

FLD20 74.90 3.16 13.17 0.66 3.22 0.24 3.58 

FLD20 74.35 3.14 13.86 0.69 3.26 0.24 3.61 

FLD20 72.39 3.06 13.37 0.67 3.32 0.24 3.75 

FLD20 73.18 3.09 13.31 0.67 3.20 0.24 3.63 

FLD20 72.93 3.08 13.90 0.69 3.26 0.24 3.61 

FLD20 71.66 3.03 14.05 0.70 3.38 0.25 3.84 

FLD20 74.77 3.16 14.05 0.70 3.46 0.25 3.80 

FLD20 72.10 3.05 14.18 0.71 3.21 0.24 3.59 

FLD20 72.72 3.07 13.13 0.66 3.01 0.22 3.70 

FLD20 75.36 3.18 14.00 0.70 3.29 0.24 3.62 

FLD20 74.85 3.16 13.78 0.69 3.30 0.24 3.67 

FLD20 72.43 3.06 13.37 0.67 3.11 0.23 3.67 

FLD20 73.30 3.10 14.07 0.70 3.55 0.26 3.55 

FLD20 72.46 3.06 13.22 0.66 3.15 0.23 3.73 

FLD20 73.82 3.12 13.41 0.67 3.21 0.24 3.69 

FLD20 73.43 3.10 13.46 0.67 3.32 0.24 3.60 

FLD20 74.10 3.13 14.40 0.72 3.54 0.26 3.95 

FLD20 74.71 3.15 13.80 0.69 3.29 0.24 3.77 

FLD20 72.57 3.07 12.84 0.64 3.00 0.22 3.75 

FLD20 71.90 3.04 13.37 0.67 3.08 0.23 3.53 

FLD20 74.85 3.16 12.97 0.65 3.06 0.23 3.54 

FLD20 74.72 3.16 13.08 0.66 3.11 0.23 3.58 

FLD20 74.03 3.13 14.11 0.70 3.25 0.24 3.68 

FLD20 101.71 4.27 0.54 0.08 0.21 0.05 0.25 

FLD20 96.80 4.07 2.71 0.18 0.89 0.09 0.90 

FLD20 72.95 3.08 14.01 0.70 3.39 0.25 3.76 

FLD20 72.68 3.07 12.10 0.61 3.61 0.26 4.44 

FLD20 74.10 3.13 13.70 0.68 3.26 0.24 3.78 

FLD20 74.71 3.15 13.57 0.68 3.18 0.23 3.57 

FLD20 75.12 3.17 13.04 0.65 3.04 0.23 3.77 

FLD20 75.01 3.17 13.14 0.66 3.10 0.23 3.62 

FLD20 74.27 3.14 13.06 0.66 3.13 0.23 3.75 

FLD20 72.77 3.07 13.74 0.69 3.18 0.23 3.69 

FLD20 100.73 4.23 1.01 0.10 0.47 0.07 0.47 

FLD20 73.74 3.11 11.09 0.56 4.28 0.30 4.97 

FLD20 75.38 3.18 13.38 0.67 3.12 0.23 3.70 

FLD20 73.68 3.11 13.61 0.68 3.01 0.22 3.77 


0.15 1.91 0.10 2.68 0.12 0.34 0.06 0.74 0.08 

0.15 2.61 0.12 2.73 0.12 0.31 0.06 0.81 0.09 

0.16 2.67 0.12 2.44 0.11 0.25 0.05 0.62 0.08 

0.14 4.71 0.18 3.10 0.13 0.29 0.06 0.77 0.09 

0.14 3.85 0.15 2.73 0.12 0.36 0.06 0.81 0.09 

0.15 2.50 0.11 2.71 0.12 0.24 0.05 0.71 0.08 

0.15 2.60 0.12 2.84 0.13 0.39 0.06 0.76 0.08 

0.16 2.53 0.11 2.29 0.11 0.38 0.06 0.69 0.08 

0.16 1.57 0.09 1.44 0.08 0.09 0.05 0.29 0.06 

0.15 3.05 0.13 2.73 0.12 0.33 0.06 0.68 0.08 

0.15 3.10 0.13 2.82 0.12 0.36 0.06 0.74 0.08 

0.15 3.16 0.13 3.04 0.13 0.44 0.06 0.80 0.09 

0.15 3.33 0.14 3.15 0.14 0.36 0.06 0.71 0.08 

0.15 3.29 0.14 2.72 0.12 0.30 0.06 0.64 0.08 

0.15 3.43 0.14 2.51 0.12 0.40 0.06 0.72 0.08 

0.16 2.70 0.12 2.58 0.12 0.32 0.06 0.69 0.08 

0.14 4.77 0.18 2.98 0.13 0.34 0.06 0.86 0.09 

0.15 2.44 0.11 1.70 0.09 0.19 0.05 0.55 0.07 

0.15 3.56 0.15 2.63 0.12 0.35 0.06 0.68 0.08 

0.15 3.25 0.14 2.66 0.12 0.36 0.06 0.76 0.08 

0.15 3.15 0.13 2.80 0.12 0.40 0.06 0.74 0.08 

0.15 2.77 0.12 2.60 0.12 0.39 0.06 0.72 0.08 

0.15 2.88 0.13 2.57 0.12 0.28 0.06 0.57 0.07 

0.14 3.60 0.15 2.70 0.12 0.33 0.06 0.75 0.08 

0.15 4.45 0.17 2.83 0.12 0.29 0.06 0.74 0.08 

0.14 3.51 0.14 2.80 0.12 0.40 0.06 0.76 0.08 

0.14 2.88 0.13 2.68 0.12 0.35 0.06 0.68 0.08 

0.15 2.76 0.12 2.59 0.12 0.37 0.06 0.67 0.08 

0.14 3.26 0.14 2.65 0.12 0.35 0.06 0.69 0.08 

0.14 3.05 0.13 2.82 0.12 0.32 0.06 0.78 0.09 

0.15 3.41 0.14 2.60 0.12 0.38 0.06 0.73 0.08 

0.15 3.19 0.13 2.90 0.13 0.28 0.06 0.71 0.08 

0.14 3.58 0.15 2.84 0.13 0.44 0.06 0.69 0.08 

0.15 2.58 0.12 3.11 0.13 0.39 0.06 0.67 0.08 

0.14 3.37 0.14 2.75 0.12 0.25 0.05 0.67 0.08 

0.15 2.55 0.12 2.66 0.12 0.28 0.06 0.61 0.08 

0.15 3.18 0.13 2.79 0.12 0.35 0.06 0.72 0.08 

0.14 3.43 0.14 3.01 0.13 0.42 0.06 0.71 0.08 

0.15 2.98 0.13 2.79 0.12 0.36 0.06 0.68 0.08 

0.15 3.00 0.13 2.69 0.12 0.31 0.06 0.78 0.09 

0.14 3.27 0.14 2.81 0.12 0.39 0.06 0.78 0.09 

0.15 3.28 0.14 2.83 0.13 0.40 0.06 0.69 0.08 

0.15 3.22 0.14 2.76 0.12 0.35 0.06 0.71 0.08 

0.15 3.14 0.13 2.55 0.12 0.33 0.06 0.59 0.08 

0.14 3.69 0.15 3.28 0.14 0.36 0.06 0.79 0.09 

0.14 3.49 0.14 2.73 0.12 0.36 0.06 0.70 0.08 

0.14 3.41 0.14 2.66 0.12 0.35 0.06 0.71 0.08 

0.15 3.48 0.14 2.71 0.12 0.34 0.06 0.74 0.08 

0.04 0.06 0.04 0.12 0.04 0.08 0.05 0.18 0.05 

0.06 0.42 0.05 0.76 0.06 0.03 0.05 0.28 0.06 

0.15 3.42 0.14 2.93 0.13 0.37 0.06 0.81 0.09 

0.17 3.60 0.15 3.64 0.15 0.47 0.06 0.76 0.09 

0.15 3.33 0.14 2.61 0.12 0.30 0.06 0.62 0.08 

0.14 3.35 0.14 2.81 0.12 0.29 0.06 0.71 0.08 

0.15 3.21 0.14 2.53 0.12 0.23 0.05 0.61 0.08 

0.14 3.67 0.15 2.87 0.13 0.27 0.05 0.69 0.08 

0.15 3.44 0.14 2.58 0.12 0.36 0.06 0.63 0.08 

0.15 3.40 0.14 2.94 0.13 0.32 0.06 0.76 0.09 

0.05 0.13 0.04 0.67 0.06 0.03 0.05 0.22 0.06 

0.19 2.27 0.11 2.63 0.12 0.20 0.05 0.66 0.08 

0.15 3.33 0.14 2.89 0.13 0.39 0.06 0.70 0.08 

0.15 3.22 0.14 2.71 0.12 0.30 


0.06 
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FLD20 72.97 3.08 12.83 0.64 2.97 0.22 3.70 

FLD20 74.21 3.13 13.94 0.70 3.30 0.24 3.74 

FLD20 72.34 3.06 13.64 0.68 3.08 0.23 3.63 

FLD20 72.87 3.08 13.80 0.69 3.26 0.24 3.67 

FLD20 72.84 3.08 14.01 0.70 3.45 0.25 3.91 

FLD20 74.36 3.14 14.22 0.71 3.23 0.24 3.87 

FLD20 75.05 3.17 14.03 0.70 3.08 0.23 3.63 

FLD20 73.71 3.11 13.84 0.69 2.94 0.22 3.66 

FLD20 75.22 3.18 14.09 0.70 3.23 0.24 3.75 

FLD20 72.96 3.08 14.00 0.70 3.21 0.24 3.82 

FLD20 73.91 3.12 13.61 0.68 3.23 0.24 4.30 

FLD20 73.86 3.12 13.99 0.70 3.57 0.26 4.46 

FLD20 72.96 3.08 13.23 0.66 3.38 0.25 4.23 

FLD20 75.80 3.20 11.80 0.60 4.30 0.30 4.87 

FLD20 74.02 3.13 10.69 0.55 4.13 0.29 4.80 

FLD20 72.68 3.07 13.84 0.69 3.57 0.26 3.78 

FLD20 73.84 3.12 13.47 0.67 3.38 0.25 3.71 

FLD20 74.00 3.13 13.23 0.66 3.45 0.25 3.78 

FLD20 75.15 3.17 13.05 0.65 3.08 0.23 3.63 

FLD20 75.03 3.17 13.23 0.66 3.73 0.27 4.18 

FLD20 79.62 3.36 9.05 0.47 3.54 0.26 4.26 

FLD20 74.26 3.14 13.42 0.67 3.51 0.25 3.95 

FLD20 69.55 2.94 11.93 0.60 4.85 0.34 5.22 

FLD20 75.25 3.18 12.72 0.64 3.83 0.27 4.31 

FLD20 72.88 3.08 13.71 0.69 3.75 0.27 4.26 

FLD20 74.17 3.13 13.96 0.70 3.46 0.25 3.67 

FLD20 71.72 3.03 13.80 0.69 3.95 0.28 4.34 

FLD20 75.12 3.17 12.84 0.65 3.49 0.25 4.02 

FLD20 72.43 3.06 13.83 0.69 3.33 0.24 3.85 

FLD20 71.29 3.01 14.41 0.72 3.34 0.24 3.78 

FLD20 72.07 3.05 14.45 0.72 3.26 0.24 3.74 

FLD20 72.47 3.06 13.81 0.69 3.24 0.24 3.75 

FLD20 73.80 3.12 14.18 0.71 3.49 0.25 3.74 

FLD20 68.15 2.88 11.53 0.58 4.94 0.34 5.06 

FLD20 75.47 3.19 13.61 0.68 3.40 0.25 3.59 

FLD20 73.52 3.11 13.23 0.66 3.22 0.24 3.81 

FLD20 71.87 3.04 13.39 0.67 3.15 0.23 3.75 

FLD20 74.31 3.14 14.20 0.71 3.52 0.26 3.76 

FLD20 81.03 3.42 11.09 0.56 2.94 0.22 3.38 

FLD20 71.32 3.01 14.90 0.74 3.54 0.26 3.85 

FLD20 73.10 3.09 13.48 0.67 3.23 0.24 3.73 

FLD20 73.78 3.12 13.63 0.68 3.40 0.25 4.08 

FLD20 73.49 3.10 13.43 0.67 3.37 0.25 3.71 

FLD20 74.46 3.14 12.61 0.63 3.33 0.24 4.27 

FLD20 71.94 3.04 14.60 0.73 3.69 0.27 4.23 

FLD21 76.25 3.22 13.88 0.69 3.13 0.23 3.67 

FLD21 74.19 3.13 13.49 0.68 3.01 0.22 3.48 

FLD21 75.27 3.18 13.77 0.69 3.04 0.23 3.37 

FLD21 73.34 3.10 13.62 0.68 3.09 0.23 3.53 

FLD21 74.97 3.17 13.72 0.69 3.16 0.23 3.41 

FLD21 75.64 3.19 13.97 0.70 3.10 0.23 3.43 

FLD21 73.62 3.11 12.85 0.65 2.89 0.22 3.43 

FLD21 76.47 3.23 14.10 0.70 2.69 0.20 2.86 

FLD21 73.59 3.11 13.23 0.66 3.03 0.23 3.47 

FLD21 77.13 3.25 12.97 0.65 2.94 0.22 3.54 

FLD21 76.76 3.24 14.05 0.70 3.15 0.23 3.51 

FLD21 74.67 3.15 14.01 0.70 2.81 0.21 3.32 

FLD21 74.83 3.16 13.55 0.68 3.08 0.23 3.48 

FLD21 73.74 3.11 13.52 0.68 2.83 0.21 3.53 

FLD21 74.03 3.13 13.73 0.69 2.96 0.22 3.48 

FLD21 73.98 3.12 13.79 0.69 3.07 0.23 3.56 

FLD21 73.84 3.12 13.89 0.69 2.98 0.22 3.54 


0.15 2.69 0.12 2.73 0.12 0.42 0.06 0.67 0.08 

0.15 2.83 0.12 2.76 0.12 0.37 0.06 0.69 0.08 

0.14 3.31 0.14 2.83 0.13 0.28 0.06 0.71 0.08 

0.15 3.11 0.13 2.97 0.13 0.36 0.06 0.76 0.08 

0.15 2.85 0.12 2.56 0.12 0.37 0.06 0.70 0.08 

0.15 3.59 0.15 2.73 0.12 0.32 0.06 0.71 0.08 

0.14 3.21 0.14 2.78 0.12 0.35 0.06 0.70 0.08 

0.15 3.28 0.14 2.71 0.12 0.39 0.06 0.74 0.08 

0.15 3.43 0.14 2.88 0.13 0.40 0.06 0.73 0.08 

0.15 3.42 0.14 2.78 0.12 0.37 0.06 0.78 0.09 

0.16 2.82 0.12 2.66 0.12 0.29 0.06 0.72 0.08 

0.17 3.19 0.13 2.70 0.12 0.36 0.06 0.66 0.08 

0.16 3.18 0.13 2.78 0.12 0.32 0.06 0.59 0.08 

0.18 2.51 0.11 2.38 0.11 0.26 0.05 0.68 0.08 

0.18 2.36 0.11 2.76 0.12 0.27 0.05 0.59 0.08 

0.15 3.11 0.13 3.03 0.13 0.37 0.06 0.79 0.09 

0.15 2.94 0.13 2.86 0.13 0.34 0.06 0.66 0.08 

0.15 2.25 0.11 2.51 0.12 0.33 0.06 0.56 0.07 

0.14 3.07 0.13 2.81 0.12 0.31 0.06 0.63 0.08 

0.16 3.58 0.15 3.01 0.13 0.32 0.06 0.71 0.08 

0.16 2.70 0.12 2.62 0.12 0.10 0.05 0.47 0.07 

0.15 3.32 0.14 2.46 0.11 0.31 0.06 0.57 0.07 

0.19 4.12 0.16 2.44 0.11 0.23 0.05 0.88 0.09 

0.17 2.76 0.12 2.52 0.12 0.29 0.06 0.62 0.08 

0.16 3.07 0.13 2.75 0.12 0.39 0.06 0.73 0.08 

0.15 3.05 0.13 2.70 0.12 0.32 0.06 0.74 0.08 

0.17 2.77 0.12 2.63 0.12 0.36 0.06 0.69 0.08 

0.16 2.11 0.10 2.65 0.12 0.24 0.05 0.52 0.07 

0.15 3.46 0.14 2.93 0.13 0.38 0.06 0.78 0.09 

0.15 2.99 0.13 3.05 0.13 0.36 0.06 0.78 0.09 

0.15 3.32 0.14 2.75 0.12 0.43 0.06 0.76 0.09 

0.15 2.92 0.13 2.93 0.13 0.40 0.06 0.75 0.08 

0.15 2.70 0.12 3.00 0.13 0.36 0.06 0.73 0.08 

0.19 2.84 0.12 3.95 0.16 0.32 0.06 0.56 0.07 

0.14 3.85 0.15 2.86 0.13 0.29 0.06 0.76 0.08 

0.15 3.02 0.13 2.56 0.12 0.37 0.06 0.66 0.08 

0.15 3.08 0.13 2.59 0.12 0.39 0.06 0.67 0.08 

0.15 3.44 0.14 2.88 0.13 0.36 0.06 0.80 0.09 

0.14 2.32 0.11 2.06 0.10 0.16 0.05 0.59 0.08 

0.15 2.30 0.11 2.98 0.13 0.44 0.06 0.80 0.09 

0.15 2.70 0.12 3.00 0.13 0.36 0.06 0.67 0.08 

0.16 2.76 0.12 2.62 0.12 0.35 0.06 0.74 0.08 

0.15 3.44 0.14 3.01 0.13 0.29 0.06 0.70 0.08 

0.16 1.65 0.09 1.79 0.09 0.30 0.06 0.51 0.07 

0.16 2.62 0.12 2.49 0.11 0.36 0.06 0.76 0.08 

0.15 3.32 0.14 2.49 0.11 0.22 0.05 0.75 0.08 

0.14 3.55 0.15 2.72 0.12 0.36 0.06 0.73 0.08 

0.14 3.73 0.15 2.66 0.12 0.20 0.05 0.73 0.08 

0.14 3.57 0.15 2.63 0.12 0.35 0.06 0.74 0.08 

0.14 3.43 0.14 2.62 0.12 0.25 0.05 0.73 0.08 

0.14 3.77 0.15 2.68 0.12 0.33 0.06 0.77 0.09 

0.14 3.42 0.14 2.58 0.12 0.27 0.05 0.63 0.08 

0.12 3.92 0.16 2.66 0.12 0.19 0.05 0.63 0.08 

0.14 3.88 0.16 2.71 0.12 0.20 0.05 0.74 0.08 

0.14 2.63 0.12 2.54 0.12 0.26 0.05 0.67 0.08 

0.14 2.42 0.11 2.78 0.12 0.20 0.05 0.68 0.08 

0.13 3.45 0.14 2.45 0.11 0.21 0.05 0.67 0.08 

0.14 3.33 0.14 2.61 0.12 0.37 0.06 0.63 0.08 

0.14 3.40 0.14 2.78 0.12 0.27 0.05 0.72 0.08 

0.14 3.75 0.15 2.57 0.12 0.25 0.05 0.81 0.09 

0.14 3.58 0.15 2.51 0.12 0.26 0.05 0.74 0.08 

0.14 3.49 0.14 2.70 0.12 


0.23 
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FLD21 73.78 
FLD21 76.99 
FLD21 73.00 
FLD21 74.38 
FLD21 74.87 
FLD21 75.88 
FLD21 75.38 
FLD21 73.16 
FLD21 74.33 
FLD21 70.91 
FLD21 74.71 
FLD21 74.97 
FLD21 74.83 
FLD21 75.79 
FLD21 75.98 
FLD21 73.74 
FLD21 71.89 
FLD21 74.80 
FLD21 75.51 
FLD21 76.01 
FLD21 75.32 
FLD21 73.76 
FLD21 75.94 
FLD21 73.36 
FLD21 73.99 
FLD21 75.35 
FLD21 71.52 
FLD21 73.37 
FLD21 74.02 
FLD21 74.23 
FLD21 73.76 
FLD21 75.84 
FLD21 74.32 
FLD21 72.04 
FLD21 76.24 
FLD21 76.58 
FLD21 72.97 
FLD21 76.69 
FLD21 75.07 
FLD21 72.95 
FLD21 75.72 
FLD21 75.03 
FLD21 72.06 
FLD21 75.44 
FLD21 74.91 
FLD21 75.19 
FLD21 90.90 
FLD21 74.88 
FLD21 75.09 
FLD21 73.30 
FLD21 74.10 
FLD21 74.80 
FLD21 76.82 
FLD21 75.40 
FLD21 75.79 
FLD21 74.86 
FLD21 75.73 
FLD21 74.20 
FLD21 77.61 
FLD21 75.85 
FLD21 75.50 
FLD21 74.56 


3.12 13.81 0.69 

3.25 13.46 0.67 

3.08 13.20 0.66 

3.14 13.26 0.66 

3.16 13.85 0.69 

3.20 13.72 0.69 

3.18 13.90 0.69 

3.09 13.42 0.67 

3.14 13.81 0.69 

3.00 12.85 0.65 

3.15 13.83 0.69 

3.17 13.50 0.68 

3.16 13.60 0.68 

3.20 13.57 0.68 

3.21 13.65 0.68 

3.11 13.51 0.68 

3.04 15.27 0.76 

3.16 13.63 0.68 

3.19 13.60 0.68 

3.21 13.60 0.68 

3.18 13.80 0.69 

3.12 13.61 0.68 

3.21 13.96 0.70 

3.10 13.49 0.68 

3.13 13.44 0.67 

3.18 13.71 0.69 

3.02 12.80 0.64 

3.10 13.82 0.69 

3.13 13.77 0.69 

3.13 13.58 0.68 

3.12 13.60 0.68 

3.20 13.05 0.65 

3.14 13.66 0.68 

3.04 13.29 0.67 

3.22 13.99 0.70 

3.23 13.56 0.68 

3.08 13.60 0.68 

3.24 13.82 0.69 

3.17 14.03 0.70 

3.08 14.19 0.71 

3.20 13.26 0.66 

3.17 13.59 0.68 

3.05 13.38 0.67 

3.18 12.87 0.65 

3.16 13.72 0.69 

3.17 13.64 0.68 

3.83 4.94 0.28 

3.16 13.98 0.70 

3.17 14.00 0.70 

3.10 13.31 0.67 

3.13 13.62 0.68 

3.16 13.51 0.68 

3.24 12.86 0.65 

3.18 13.76 0.69 

3.20 13.82 0.69 

3.16 13.55 0.68 

3.20 13.96 0.70 

3.13 13.85 0.69 

3.27 13.33 0.67 

3.20 13.74 0.69 

3.19 14.05 0.70 

3.15 13.75 0.69 


3.05 0.23 3.51 

2.93 0.22 3.36 

2.93 0.22 3.54 

2.96 0.22 3.46 

3.16 0.23 3.58 

3.09 0.23 3.60 

3.14 0.23 3.54 

3.02 0.22 3.54 

3.06 0.23 3.60 

2.87 0.22 3.45 

2.90 0.22 3.55 

2.88 0.22 3.60 

2.94 0.22 3.57 

2.97 0.22 3.55 

3.08 0.23 3.59 

3.08 0.23 3.35 

3.29 0.24 3.58 

3.01 0.22 3.33 

2.88 0.22 3.74 

2.95 0.22 3.58 

2.96 0.22 3.67 

3.08 0.23 3.43 

3.09 0.23 3.49 

2.97 0.22 3.52 

3.00 0.22 3.41 

2.92 0.22 3.81 

2.77 0.21 3.77 

2.98 0.22 3.39 

3.05 0.23 3.59 

2.89 0.22 3.53 

3.01 0.22 3.53 

2.96 0.22 3.67 

3.04 0.23 3.41 

2.92 0.22 3.37 

2.78 0.21 3.44 

2.85 0.21 3.39 

2.97 0.22 3.50 

3.13 0.23 3.71 

2.97 0.22 3.62 

3.05 0.23 3.83 

2.95 0.22 3.61 

3.00 0.22 3.49 

2.97 0.22 3.38 

2.80 0.21 3.74 

3.11 0.23 3.47 

3.03 0.22 3.71 

1.29 0.12 1.84 

2.94 0.22 3.53 

3.00 0.22 3.59 

2.90 0.22 3.52 

2.99 0.22 3.63 

3.04 0.23 3.48 

3.01 0.22 3.47 

2.97 0.22 3.58 

3.09 0.23 3.51 

3.05 0.23 3.45 

3.04 0.23 3.72 

3.01 0.22 3.46 

3.06 0.23 3.71 

2.94 0.22 3.67 

3.12 0.23 3.42 

3.11 0.23 3.52 


0.14 3.71 0.15 

0.14 3.54 0.15 

0.14 3.54 0.15 

0.14 3.34 0.14 

0.14 3.26 0.14 

0.14 3.35 0.14 

0.14 2.75 0.12 

0.14 2.78 0.12 

0.14 3.25 0.14 

0.14 3.35 0.14 

0.14 3.52 0.14 

0.14 3.80 0.15 

0.14 3.41 0.14 

0.14 3.07 0.13 

0.14 3.24 0.14 

0.14 3.29 0.14 

0.14 3.13 0.13 

0.14 3.29 0.14 

0.15 2.29 0.11 

0.14 3.22 0.14 

0.15 2.87 0.12 

0.14 3.18 0.13 

0.14 3.64 0.15 

0.14 3.46 0.14 

0.14 3.50 0.14 

0.15 2.33 0.11 

0.15 2.67 0.12 

0.14 3.93 0.16 

0.14 3.03 0.13 

0.14 3.79 0.15 

0.14 3.45 0.14 

0.15 2.78 0.12 

0.14 3.41 0.14 

0.14 3.56 0.15 

0.14 3.31 0.14 

0.14 3.30 0.14 

0.14 4.04 0.16 

0.15 2.76 0.12 

0.14 2.74 0.12 

0.15 2.98 0.13 

0.14 2.68 0.12 

0.14 3.65 0.15 

0.14 3.26 0.14 

0.15 2.52 0.11 

0.14 3.43 0.14 

0.15 3.09 0.13 

0.09 1.23 0.08 

0.14 3.74 0.15 

0.14 3.73 0.15 

0.14 3.46 0.14 

0.14 3.01 0.13 

0.14 2.98 0.13 

0.14 3.01 0.13 

0.14 3.28 0.14 

0.14 3.23 0.14 

0.14 3.46 0.14 

0.15 3.62 0.15 

0.14 4.09 0.16 

0.15 2.66 0.12 

0.15 2.90 0.13 

0.14 2.63 0.12 

0.14 2.39 0.11 


2.55 0.12 0.31 

2.50 0.11 0.28 

2.67 0.12 0.26 

2.75 0.12 0.50 

2.52 0.12 0.31 

2.34 0.11 0.25 

2.43 0.11 0.31 

2.52 0.12 0.26 

2.46 0.11 0.15 

2.65 0.12 0.29 

2.51 0.12 0.36 

2.46 0.11 0.16 

2.67 0.12 0.27 

2.71 0.12 0.22 

2.81 0.12 0.33 

3.03 0.13 0.65 

2.98 0.13 0.34 

2.65 0.12 0.26 

2.49 0.11 0.24 

2.70 0.12 0.19 

2.54 0.12 0.36 

2.81 0.12 0.31 

2.72 0.12 0.26 

2.60 0.12 0.35 

2.33 0.11 0.29 

2.48 0.11 0.33 

2.50 0.11 0.33 

2.89 0.13 0.29 

2.65 0.12 0.30 

2.54 0.12 0.23 

2.85 0.13 0.27 

2.46 0.11 0.24 

2.86 0.13 0.37 

2.62 0.12 0.25 

2.52 0.12 0.25 

2.55 0.12 0.29 

2.71 0.12 0.31 

2.68 0.12 0.27 

2.66 0.12 0.27 

2.94 0.13 0.38 

2.49 0.11 0.23 

2.66 0.12 0.35 

2.79 0.12 0.26 

2.54 0.12 0.27 

2.51 0.12 0.26 

2.67 0.12 0.40 

1.37 0.08 0.22 

2.46 0.11 0.28 

2.68 0.12 0.24 

2.64 0.12 0.22 

2.54 0.12 0.30 

2.73 0.12 0.17 

2.56 0.12 0.28 

2.72 0.12 0.28 

2.47 0.11 0.25 

2.60 0.12 0.17 

2.80 0.12 0.28 

2.70 0.12 0.21 

2.30 0.11 0.21 

2.61 0.12 0.33 

2.53 0.12 0.26 

2.50 0.11 0.22 


0.06 0.76 0.09 

0.05 0.72 0.08 

0.05 0.71 0.08 

0.06 0.69 0.08 

0.06 0.72 0.08 

0.05 0.79 0.09 

0.06 0.76 0.09 

0.05 0.77 0.09 

0.05 0.73 0.08 

0.06 0.76 0.08 

0.06 0.75 0.08 

0.05 0.70 0.08 

0.05 0.71 0.08 

0.05 0.66 0.08 

0.06 0.78 0.09 

0.07 0.72 0.08 

0.06 0.97 0.10 

0.05 0.67 0.08 

0.05 0.77 0.09 

0.05 0.75 0.08 

0.06 0.69 0.08 

0.06 0.72 0.08 

0.05 0.85 0.09 

0.06 0.72 0.08 

0.06 0.74 0.08 

0.06 0.70 0.08 

0.06 0.74 0.08 

0.06 0.75 0.08 

0.06 0.74 0.08 

0.05 0.77 0.09 

0.05 0.76 0.08 

0.05 0.75 0.08 

0.06 0.75 0.08 

0.05 0.73 0.08 

0.05 0.74 0.08 

0.06 0.72 0.08 

0.06 0.74 0.08 

0.05 0.63 0.08 

0.05 0.83 0.09 

0.06 0.85 0.09 

0.05 0.70 0.08 

0.06 0.75 0.08 

0.05 0.72 0.08 

0.05 0.61 0.08 

0.05 0.83 0.09 

0.06 0.73 0.08 

0.05 0.31 0.06 

0.05 0.71 0.08 

0.05 0.76 0.08 

0.05 0.68 0.08 

0.06 0.69 0.08 

0.05 0.65 0.08 

0.05 0.64 0.08 

0.05 0.72 0.08 

0.05 0.77 0.09 

0.05 0.75 0.08 

0.05 0.78 0.09 

0.05 0.77 0.09 

0.05 0.64 0.08 

0.06 0.79 0.09 

0.05 0.68 0.08 

0.05 0.64 0.08 
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FLD21 72.11 3.05 13.62 0.68 2.78 0.21 3.80 

FLD21 73.45 3.10 14.71 0.73 2.98 0.22 3.93 

FLD21 73.35 3.10 13.40 0.67 2.94 0.22 3.52 

FLD21 74.07 3.13 13.51 0.68 2.96 0.22 3.52 

FLD21 73.91 3.12 13.51 0.68 3.00 0.22 3.60 

FLD21 75.17 3.17 13.48 0.67 3.11 0.23 3.50 

FLD21 78.45 3.31 12.30 0.62 3.12 0.23 3.70 

FLD21 72.86 3.08 13.58 0.68 3.09 0.23 3.67 

FLD21 73.94 3.12 14.00 0.70 3.00 0.22 3.36 

FLD21 74.65 3.15 13.77 0.69 2.79 0.21 3.57 

FLD21 77.64 3.28 13.44 0.67 3.05 0.23 3.41 

FLD21 73.28 3.10 13.75 0.69 2.99 0.22 3.31 

FLD23 79.31 3.35 8.82 0.46 1.45 0.13 3.28 

FLD23 70.78 2.99 13.21 0.66 2.47 0.19 3.87 

FLD23 72.59 3.07 13.10 0.66 2.63 0.20 4.18 

FLD23 71.81 3.03 12.93 0.65 2.49 0.19 3.83 

FLD23 72.04 3.04 12.57 0.63 2.63 0.20 3.77 

FLD23 72.70 3.07 11.80 0.60 2.40 0.19 3.88 

FLD23 71.04 3.00 13.18 0.66 2.49 0.19 4.17 

FLD23 71.24 3.01 13.29 0.67 2.29 0.18 3.95 

FLD23 69.45 2.94 13.34 0.67 2.61 0.20 4.11 

FLD23 69.39 2.93 13.30 0.67 2.40 0.19 4.07 

FLD23 70.64 2.99 12.97 0.65 2.47 0.19 4.05 

FLD23 68.51 2.90 14.13 0.70 2.40 0.19 3.93 

FLD23 77.85 3.28 9.46 0.49 1.78 0.15 3.55 

FLD23 72.21 3.05 12.78 0.64 2.35 0.18 3.80 

FLD23 71.85 3.04 12.95 0.65 2.18 0.17 3.68 

FLD23 74.35 3.14 12.38 0.62 1.91 0.16 3.77 

FLD23 78.49 3.31 9.98 0.51 1.72 0.14 3.32 

FLD23 72.58 3.07 12.83 0.64 1.99 0.16 3.62 

FLD23 73.25 3.09 12.86 0.65 2.17 0.17 3.94 

FLD23 71.81 3.03 12.91 0.65 2.45 0.19 3.87 

FLD23 72.61 3.07 13.34 0.67 2.35 0.18 4.12 

FLD23 72.41 3.06 13.06 0.65 2.07 0.17 3.85 

FLD23 71.50 3.02 13.54 0.68 2.15 0.17 3.75 

FLD23 71.98 3.04 12.92 0.65 2.07 0.17 3.76 

FLD23 70.48 2.98 13.66 0.68 2.35 0.18 3.85 

FLD23 101.21 4.25 0.71 0.08 0.32 0.06 0.37 

FLD23 100.15 4.21 0.85 0.09 0.40 0.06 0.49 

FLD23 94.67 3.98 3.39 0.21 0.82 0.09 1.33 

FLD23 72.78 3.07 13.29 0.67 2.30 0.18 3.64 

FLD23 71.52 3.02 12.93 0.65 2.76 0.21 3.98 

FLD23 74.52 3.15 11.31 0.57 2.65 0.20 3.68 

FLD23 71.50 3.02 13.04 0.65 2.55 0.20 3.74 

FLD23 72.65 3.07 12.45 0.63 2.27 0.18 3.77 

FLD23 73.90 3.12 11.56 0.59 1.94 0.16 3.79 

FLD23 72.89 3.08 11.85 0.60 2.30 0.18 3.66 

FLD23 72.34 3.06 12.29 0.62 2.38 0.18 3.78 

FLD23 72.28 3.05 12.73 0.64 2.41 0.19 3.89 

FLD23 72.08 3.05 12.75 0.64 2.27 0.18 3.69 

FLD23 73.25 3.09 12.19 0.61 2.46 0.19 3.67 

FLD23 72.44 3.06 12.21 0.62 2.37 0.18 3.76 

FLD23 71.32 3.01 13.46 0.67 2.25 0.18 3.83 

FLD23 83.68 3.53 7.99 0.42 1.77 0.15 2.94 

FLD23 70.24 2.97 13.04 0.65 2.27 0.18 3.87 

FLD23 96.37 4.05 1.49 0.12 0.40 0.06 0.72 

FLD23 76.27 3.22 10.36 0.53 2.09 0.17 3.64 

FLD23 72.76 3.07 11.95 0.60 2.35 0.18 3.94 

FLD23 73.54 3.11 11.84 0.60 2.69 0.20 4.11 

FLD25 72.16 3.05 14.03 0.70 3.64 0.26 4.50 

FLD25 73.65 3.11 12.62 0.63 4.49 0.32 4.70 

FLD25 70.42 2.98 14.80 0.74 3.84 0.28 4.41 


0.15 3.68 0.15 2.48 0.11 0.30 0.06 0.71 0.08 

0.15 3.73 0.15 2.41 0.11 0.23 0.05 0.73 0.08 

0.14 3.93 0.16 2.71 0.12 0.32 0.06 0.75 0.08 

0.14 3.84 0.15 2.63 0.12 0.22 0.05 0.74 0.08 

0.14 3.61 0.15 2.60 0.12 0.40 0.06 0.71 0.08 

0.14 3.30 0.14 2.60 0.12 0.31 0.06 0.72 0.08 

0.15 1.77 0.09 2.20 0.11 0.23 0.05 0.44 0.07 

0.15 2.55 0.12 2.45 0.11 0.27 0.05 0.63 0.08 

0.14 3.23 0.14 2.43 0.11 0.20 0.05 0.69 0.08 

0.14 3.74 0.15 2.71 0.12 0.32 0.06 0.78 0.09 

0.14 2.65 0.12 2.57 0.12 0.21 0.05 0.70 0.08 

0.13 3.27 0.14 2.40 0.11 0.21 0.05 0.66 0.08 

0.13 1.60 0.09 1.94 0.10 0.14 0.05 0.45 0.07 

0.15 2.31 0.11 2.78 0.12 0.29 0.06 0.61 0.08 

0.16 1.63 0.09 2.21 0.11 0.23 0.05 0.43 0.07 

0.15 1.91 0.10 2.58 0.12 0.29 0.06 0.48 0.07 

0.15 2.24 0.11 2.68 0.12 0.30 0.06 0.52 0.07 

0.15 1.92 0.10 2.68 0.12 0.29 0.06 0.54 0.07 

0.16 1.85 0.09 2.59 0.12 0.29 0.06 0.51 0.07 

0.15 2.40 0.11 2.61 0.12 0.27 0.05 0.60 0.08 

0.16 2.82 0.12 2.81 0.12 0.31 0.06 0.60 0.08 

0.16 3.10 0.13 2.82 0.12 0.37 0.06 0.64 0.08 

0.16 2.32 0.11 2.79 0.12 0.30 0.06 0.67 0.08 

0.15 2.84 0.12 3.19 0.14 0.37 0.06 0.71 0.08 

0.14 1.31 0.08 2.31 0.11 0.22 0.05 0.57 0.07 

0.15 2.18 0.10 2.71 0.12 0.32 0.06 0.59 0.08 

0.15 2.45 011 2.55 0.12 0.30 0.06 0.57 0.08 

0.15 1.46 0.08 2.51 0.12 0.24 0.05 0.32 0.06 

0.14 1.32 0.08 2.37 0.11 0.26 0.05 0.44 0.07 

0.14 2.10 0.10 2.61 0.12 0.30 0.06 0.53 0.07 

0.15 2.35 0.11 2.24 0.11 0.30 0.06 0.52 0.07 

0.15 2.00 0.10 2.51 0.12 0.33 0.06 0.51 0.07 

0.16 1.25 0.08 2.52 0.12 0.34 0.06 0.57 0.08 

0.15 2.18 0.10 2.64 0.12 0.35 0.06 0.56 0.07 

0.15 2.26 0.11 2.76 0.12 0.31 0.06 0.56 0.07 

0.15 2.68 0.12 2.81 0.12 0.39 0.06 0.57 0.08 

0.15 1.96 0.10 2.89 0.13 0.27 0.05 0.62 0.08 

0.04 0.03 0.04 0.10 0.04 0.03 0.05 0.03 0.05 

0.05 0.13 0.04 0.34 0.05 0.03 0.05 0.03 0.05 

0.07 0.44 0.05 0.57 0.06 0.03 0.05 0.11 0.05 

0.14 2.27 0.11 2.64 0.12 0.28 0.05 0.54 0.07 

0.16 1.95 0.10 2.63 0.12 0.34 0.06 0.58 0.08 

0.15 2.43 0.11 2.58 0.12 0.36 0.06 0.64 0.08 

0.15 2.46 0.11 2.60 0.12 0.29 0.06 0.57 0.07 

0.15 1.82 0.09 2.37 0.11 0.24 0.05 0.46 0.07 

0.15 1.92 0.10 2.40 0.11 0.23 0.05 0.46 0.07 

0.15 2.09 0.10 2.64 0.12 0.28 0.05 0.53 0.07 

0.15 2.09 0.10 2.48 0.11 0.27 0.05 0.50 0.07 

0.15 2.08 0.10 2.67 0.12 0.29 0.06 0.52 0.07 

0.15 2.31 0.11 2.55 0.12 0.29 0.06 0.56 0.07 

0.15 2.21 0.11 2.33 0.11 0.28 0.05 0.50 0.07 

0.15 2.36 0.11 2.51 0.12 0.30 0.06 0.55 0.07 

0.15 2.02 0.10 2.62 0.12 0.28 0.06 0.55 0.07 

0.12 1.24 0.08 1.27 0.08 0.17 0.05 0.32 0.06 

0.15 2.96 0.13 3.35 0.14 0.32 0.06 0.61 0.08 

0.06 0.15 0.04 0.75 0.06 0.09 0.05 0.19 0.05 

0.14 1.91 0.10 2.18 0.10 0.23 0.05 0.60 0.08 

0.15 1.94 0.10 2.69 0.12 0.32 0.06 0.61 0.08 

0.16 1.08 0.07 2.51 0.11 0.23 0.05 0.41 0.07 

0.17 4.07 0.16 2.30 0.11 0.34 0.06 0.62 0.08 

0.18 4.27 0.17 2.34 0.11 0.32 0.06 0.69 0.08 

0.17 4.56 0.18 2.39 0.11 0.39 


0.06 
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FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD25 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 

FLD9 


74.17 3.13 

71.14 3.01 

67.67 2.86 

67.97 2.88 

67.14 2.84 

67.68 2.86 

71.57 3.02 

70.37 2.98 

72.78 3.07 
69.05 2.92 

65.19 2.76 

63.76 2.70 

68.55 2.90 

67.45 2.85 

67.99 2.88 
75.05 3.17 

72.17 3.05 

65.77 2.78 

67.92 2.87 
67.04 2.84 

68.29 2.89 

67.85 2.87 

66.77 2.83 

72.77 3.07 

68.20 2.88 
71.01 3.00 

68.40 2.89 

73.38 3.10 

71.28 3.01 

73.82 3.12 

76.11 3.21 
67.03 2.84 

74.70 3.15 
72.43 3.06 

70.42 2.98 

72.14 3.05 

67.87 2.87 

69.72 2.95 

74.65 3.15 
72.06 3.05 

69.75 2.95 
73.96 3.12 

74.71 3.15 

77.58 3.27 

74.57 3.15 

74.28 3.14 

71.91 3.04 
76.02 3.21 
74.09 3.13 

71.18 3.01 

74.99 3.17 

71.22 3.01 

71.95 3.04 

73.18 3.09 

85.96 3.62 

71.59 3.03 

84.50 3.56 

73.28 3.10 
79.07 3.34 

72.40 3.06 

79.74 3.36 

74.82 3.16 


12.64 0.64 
14.20 0.71 

20.59 1.00 

20.76 1.01 

20.59 1.00 

17.67 0.87 

13.85 0.69 

14.55 0.72 

14.95 0.74 

20.85 1.02 

19.93 0.97 

19.15 0.94 

20.76 1.01 

20.30 0.99 

20.89 1.02 

12.66 0.64 

15.81 0.78 

19.95 0.97 

20.40 0.99 

20.46 1.00 

20.75 1.01 

20.86 1.02 

19.31 0.94 

14.88 0.74 

20.82 1.01 

13.71 0.69 

20.51 1.00 

13.68 0.68 

14.11 0.70 

13.93 0.70 

12.67 0.64 

20.50 1.00 

12.46 0.63 

14.39 0.72 

16.35 0.81 

14.73 0.73 

19.82 0.97 

17.50 0.86 

14.24 0.71 

14.25 0.71 
20.87 1.02 

14.17 0.71 

12.94 0.65 

10.48 0.54 
13.05 0.65 

13.32 0.67 

14.58 0.73 

13.30 0.67 

14.53 0.72 

13.23 0.66 
14.43 0.72 

14.19 0.71 
14.08 0.70 

14.28 0.71 

8.28 0.43 

14.47 0.72 

9.75 0.50 

13.86 0.69 

12.63 0.64 

15.13 0.75 

11.90 0.60 

13.71 0.68 


3.38 0.25 

3.73 0.27 

4.16 0.30 

3.91 0.28 

4.27 0.30 

3.94 0.28 

3.88 0.28 
4.06 0.29 

3.90 0.28 

3.75 0.27 

3.84 0.28 

3.53 0.26 

3.75 0.27 

4.19 0.30 

4.26 0.30 

4.34 0.31 
3.01 0.22 

3.92 0.28 

3.69 0.27 

3.85 0.28 

3.95 0.28 

4.30 0.30 

4.35 0.31 

3.11 0.23 

3.88 0.28 

2.86 0.21 

4.29 0.30 

2.81 0.21 

2.85 0.21 

2.91 0.22 

3.35 0.25 

4.34 0.31 

4.11 0.29 
2.80 0.21 
3.07 0.23 
3.07 0.23 

3.76 0.27 

3.74 0.27 

2.85 0.21 

2.79 0.21 

3.99 0.28 

3.79 0.27 

2.79 0.21 

3.39 0.25 

3.50 0.25 

3.34 0.24 

3.21 0.24 
3.37 0.25 

3.22 0.24 
3.46 0.25 

3.35 0.25 

3.17 0.23 

3.33 0.24 

3.63 0.26 
2.56 0.20 

3.74 0.27 

3.48 0.25 

3.53 0.26 

3.65 0.26 

3.81 0.27 

3.55 0.26 

3.35 0.24 


4.26 0.16 
4.90 0.18 

8.99 0.31 

8.52 0.29 
8.73 0.30 

6.38 0.23 

4.90 0.18 

4.87 0.18 

3.95 0.15 

7.49 0.26 

9.65 0.33 

10.14 0.34 

8.78 0.30 

8.97 0.31 

8.99 0.31 

4.98 0.19 

5.89 0.21 

9.71 0.33 

9.53 0.33 

9.42 0.32 

7.91 0.28 

8.79 0.30 
6.57 0.23 

4.33 0.17 

9.28 0.32 

6.84 0.24 

7.31 0.26 
5.08 0.19 

6.51 0.23 

6.56 0.23 

4.75 0.18 
8.45 0.29 

5.14 0.19 

3.80 0.15 

6.31 0.23 

7.29 0.26 

7.42 0.26 

6.95 0.25 

4.76 0.18 
5.02 0.19 

6.84 0.24 
4.08 0.16 

3.85 0.15 

4.26 0.16 

3.76 0.15 

3.66 0.15 

3.36 0.14 

3.59 0.14 

3.17 0.13 

4.20 0.16 

3.38 0.14 

3.61 0.14 

3.72 0.15 

3.82 0.15 

2.90 0.12 
4.03 0.16 
3.55 0.14 

3.99 0.16 

4.23 0.16 

3.91 0.15 

3.80 0.15 

3.63 0.14 


3.31 0.14 

4.51 0.17 
0.07 0.04 
0.48 0.05 
0.21 0.04 

3.22 0.14 

4.59 0.18 

4.41 0.17 

4.36 0.17 

1.42 0.08 
0.06 0.04 
0.03 0.04 
0.60 0.06 
0.20 0.04 
0.12 0.04 

3.92 0.16 

3.32 0.14 
0.10 0.04 
0.08 0.04 
0.24 0.05 

1.21 0.08 
0.65 0.06 

1.99 0.10 

3.71 0.15 
0.16 0.04 

2.36 0.11 

1.69 0.09 

3.15 0.13 

3.44 0.14 

3.15 0.13 

3.57 0.15 
0.37 0.05 

3.76 0.15 

4.22 0.17 

2.58 0.12 

2.72 0.12 
2.68 0.12 

2.33 0.11 

3.63 0.15 

3.45 0.14 

1.68 0.09 
3.94 0.16 

3.86 0.15 

3.34 0.14 
2.09 0.10 

2.59 0.12 

2.76 0.12 

2.23 0.11 

2.61 0.12 

1.71 0.09 

2.18 0.10 

2.60 0.12 
2.00 0.10 
2.10 0.10 
0.90 0.07 

2.15 0.10 
0.03 0.04 

1.72 0.09 
0.41 0.05 

2.16 0.10 

1.33 0.08 

1.88 0.10 


2.30 0.11 

2.30 0.11 
0.09 0.04 
0.14 0.04 
0.22 0.04 

1.62 0.09 

2.38 0.11 

2.37 0.11 

2.28 0.11 
0.64 0.06 
0.03 0.04 
0.03 0.04 
0.20 0.04 
0.10 0.04 
0.08 0.04 

1.95 0.10 

1.95 0.10 
0.14 0.04 
0.10 0.04 
0.07 0.04 
0.27 0.05 
0.16 0.04 
0.75 0.06 

2.37 0.11 
0.11 0.04 

1.93 0.10 
0.68 0.06 

2.35 0.11 

2.28 0.11 

1.63 0.09 

2.40 0.11 
0.18 0.04 

1.95 0.10 
2.56 0.12 
1.55 0.09 

1.85 0.09 
0.69 0.06 

1.24 0.08 

2.30 0.11 
2.74 0.12 
0.46 0.05 

2.58 0.12 

2.33 0.11 

2.35 0.11 

2.66 0.12 

2.70 0.12 

2.73 0.12 

2.66 0.12 

2.66 0.12 

2.70 0.12 

2.67 0.12 

2.59 0.12 
3.04 0.13 

2.70 0.12 

1.58 0.09 

2.70 0.12 

1.16 0.07 

2.85 0.13 
2.46 0.11 
3.00 0.13 

2.36 0.11 
2.98 0.13 


0.28 0.06 
0.20 0.05 
0.16 0.05 
0.16 0.05 
0.29 0.06 
0.35 0.06 
0.27 0.05 
0.32 0.06 
0.20 0.05 
0.17 0.05 
0.14 0.05 
0.26 0.05 
0.18 0.05 
0.17 0.05 
0.19 0.05 
0.19 0.05 
0.33 0.06 
0.12 0.05 
0.24 0.05 
0.14 0.05 
0.16 0.05 
0.22 0.05 
0.16 0.05 
0.24 0.05 
0.13 0.05 
0.32 0.06 
0.07 0.05 
0.28 0.05 
0.09 0.05 
0.28 0.05 
0.17 0.05 
0.17 0.05 
0.27 0.05 
0.33 0.06 
0.16 0.05 
0.31 0.06 
0.09 0.05 
0.17 0.05 
0.22 0.05 
0.28 0.06 
0.16 0.05 
0.28 0.05 
0.08 0.05 
0.26 0.05 
0.32 0.06 
0.31 0.06 
0.35 0.06 
0.33 0.06 
0.30 0.06 
0.30 0.06 
0.24 0.05 
0.38 0.06 
0.37 0.06 
0.28 0.05 
0.14 0.05 
0.33 0.06 
0.03 0.05 
0.37 0.06 
0.17 0.05 
0.45 0.06 
0.24 0.05 
0.32 0.06 


0.44 0.07 
0.69 0.08 
0.26 0.06 
0.27 0.06 
0.28 0.06 
0.48 0.07 
0.76 0.08 
0.70 0.08 
0.67 0.08 
0.14 0.05 
0.22 0.06 
0.18 0.05 
0.07 0.05 
0.29 0.06 
0.32 0.06 
0.66 0.08 
0.60 0.08 
0.21 0.06 
0.27 0.06 
0.27 0.06 
0.14 0.05 
0.03 0.05 
0.25 0.06 
0.77 0.09 
0.28 0.06 
0.46 0.07 
0.18 0.05 
0.62 0.08 
0.73 0.08 
0.52 0.07 
0.57 0.07 
0.30 0.06 
0.64 0.08 
0.61 0.08 
0.44 0.07 
0.56 0.07 
0.32 0.06 
0.32 0.06 
0.62 0.08 
0.62 0.08 
0.13 0.05 
0.64 0.08 
0.63 0.08 
0.56 0.07 
0.55 0.07 
0.55 0.07 
0.57 0.08 
0.53 0.07 
0.56 0.07 
0.63 0.08 
0.56 0.07 
0.52 0.07 
0.71 0.08 
0.69 0.08 
0.35 0.06 
0.58 0.08 
0.22 0.06 
0.62 0.08 
0.15 0.05 
0.70 0.08 
0.32 0.06 
0.52 0.07 
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FLD9 

75.27 

3.18 

13.67 

0.68 

3.36 

0.25 

3.57 

0.14 

1.82 

0.09 

2.51 

0.12 

0.26 0.05 

0.42 0.07 

FLD9 

75.07 

3.17 

14.01 

0.70 

3.62 

0.26 

4.08 

0.16 

1.67 

0.09 

2.72 

0.12 

0.32 0.06 

0.59 0.08 

FLD9 

72.81 

3.08 

13.54 

0.68 

3.37 

0.25 

3.73 

0.15 

2.54 

0.12 

2.79 

0.12 

0.30 0.06 

0.56 0.07 

FLD9 

69.15 

2.92 

16.65 

0.82 

4.12 

0.29 

4.26 

0.16 

2.14 

0.10 

2.84 

0.13 

0.27 0.05 

0.58 0.08 

FLD9 

65.20 

2.76 

17.02 

0.84 

3.79 

0.27 

4.09 

0.16 

1.99 

0.10 

3.58 

0.15 

0.56 0.06 

1.37 0.12 

FLD9 

74.11 

3.13 

13.99 

0.70 

3.16 

0.23 

3.63 

0.14 

1.89 

0.10 

2.81 

0.12 

0.30 0.06 

0.54 0.07 

FLD9 

73.11 

3.09 

13.79 

0.69 

3.58 

0.26 

3.86 

0.15 

2.26 

0.11 

2.81 

0.12 

0.33 0.06 

0.61 0.08 

FLD9 

77.43 

3.27 

12.01 

0.61 

3.37 

0.25 

3.73 

0.15 

1.46 

0.08 

2.46 

0.11 

0.32 0.06 

0.52 0.07 

FLD9 

87.41 

3.68 

8.51 

0.44 

3.12 

0.23 

3.19 

0.13 

0.03 

0.04 

0.92 

0.07 

0.03 0.05 

0.26 0.06 

FLD9 

69.47 

2.94 

15.26 

0.76 

3.51 

0.25 

4.02 

0.16 

1.40 

0.08 

2.99 

0.13 

0.48 0.06 

0.74 0.08 

FLD9 

74.94 

3.16 

13.37 

0.67 

3.21 

0.24 

3.59 

0.14 

2.76 

0.12 

2.87 

0.13 

0.25 0.05 

0.56 0.07 

FLD9 

71.81 

3.03 

13.52 

0.68 

3.41 

0.25 

4.05 

0.16 

1.59 

0.09 

2.74 

0.12 

0.35 0.06 

0.46 0.07 

FLD9 

74.46 

3.14 

13.31 

0.67 

3.35 

0.24 

3.85 

0.15 

1.80 

0.09 

2.71 

0.12 

0.31 0.06 

0.52 0.07 

FLD9 

72.36 

3.06 

14.51 

0.72 

3.46 

0.25 

3.77 

0.15 

1.84 

0.09 

2.93 

0.13 

0.34 0.06 

0.46 0.07 

FLD9 

76.18 

3.22 

13.57 

0.68 

3.43 

0.25 

3.62 

0.14 

2.59 

0.12 

2.58 

0.12 

0.27 0.05 

0.51 0.07 

FLD9 

69.52 

2.94 

14.31 

0.71 

3.44 

0.25 

3.99 

0.16 

1.73 

0.09 

3.99 

0.16 

0.60 0.07 

0.83 0.09 

FLD9 

73.33 

3.10 

15.14 

0.75 

3.73 

0.27 

3.91 

0.15 

1.78 

0.09 

3.04 

0.13 

0.43 0.06 

0.54 0.07 

FLD9 

75.07 

3.17 

12.60 

0.63 

3.00 

0.22 

3.36 

0.14 

2.59 

0.12 

2.63 

0.12 

0.29 0.06 

0.56 0.07 

FLD9 

72.02 

3.04 

14.70 

0.73 

3.55 

0.26 

3.78 

0.15 

2.89 

0.13 

3.16 

0.14 

0.40 0.06 

1.19 0.11 

FLD9 

75.25 

3.18 

13.53 

0.68 

3.34 

0.24 

3.66 

0.15 

1.99 

0.10 

2.66 

0.12 

0.35 0.06 

0.56 0.07 

FLD9 

64.63 

2.74 

17.97 

0.88 

3.96 

0.28 

4.04 

0.16 

1.93 

0.10 

3.41 

0.14 

0.58 0.06 

1.65 0.13 

FLD9 

73.90 

3.12 

13.32 

0.67 

3.57 

0.26 

4.32 

0.17 

1.46 

0.08 

2.55 

0.12 

0.23 0.05 

0.45 0.07 

FLD9 

73.50 

3.10 

12.46 

0.63 

3.59 

0.26 

4.24 

0.16 

0.86 

0.06 

2.26 

0.11 

0.14 0.05 

0.40 0.07 

FLD9 

67.96 

2.88 

18.20 

0.89 

3.79 

0.27 

3.92 

0.15 

1.45 

0.08 

3.15 

0.13 

0.45 0.06 

1.11 0.10 

FLD9 

70.75 

2.99 

14.13 

0.70 

3.23 

0.24 

3.87 

0.15 

1.56 

0.09 

2.91 

0.13 

0.41 0.06 

0.64 0.08 

FLD9 

74.96 

3.17 

13.05 

0.65 

2.90 

0.22 

3.40 

0.14 

2.72 

0.12 

2.67 

0.12 

0.29 0.06 

0.52 0.07 

FLD9 

76.13 

3.21 

13.30 

0.67 

3.44 

0.25 

3.90 

0.15 

2.08 

0.10 

2.75 

0.12 

0.14 0.05 

0.64 0.08 

FLD9 

76.09 

3.21 

15.39 

0.76 

3.97 

0.28 

4.32 

0.17 

0.79 

0.06 

2.69 

0.12 

0.23 0.05 

0.40 0.07 

FLD9 

75.78 

3.20 

13.14 

0.66 

3.30 

0.24 

3.59 

0.14 

2.43 

0.11 

2.53 

0.12 

0.25 0.05 

0.43 0.07 

FLD9 

75.40 

3.18 

13.56 

0.68 

3.50 

0.25 

3.86 

0.15 

1.72 

0.09 

2.73 

0.12 

0.34 0.06 

0.57 0.07 

FLD9 

76.52 

3.23 

13.29 

0.67 

3.40 

0.25 

4.07 

0.16 

0.91 

0.07 

3.09 

0.13 

0.19 0.05 

0.39 0.07 

FLD9 

68.14 

2.88 

16.32 

0.81 

3.66 

0.26 

4.04 

0.16 

1.72 

0.09 

3.31 

0.14 

0.41 0.06 

0.87 0.09 

FLD9 

74.58 

3.15 

13.46 

0.67 

3.27 

0.24 

3.57 

0.14 

2.89 

0.13 

2.65 

0.12 

0.32 0.06 

0.63 0.08 

FLD9 

68.31 

2.89 

16.93 

0.83 

3.97 

0.28 

4.37 

0.17 

1.76 

0.09 

3.16 

0.14 

0.23 0.05 

0.59 0.08 

FLD9 

74.04 

3.13 

13.40 

0.67 

3.32 

0.24 

3.71 

0.15 

2.67 

0.12 

2.68 

0.12 

0.30 0.06 

0.55 0.07 

FLD9 

73.14 

3.09 

14.70 

0.73 

3.25 

0.24 

3.79 

0.15 

1.37 

0.08 

2.70 

0.12 

0.48 0.06 

0.79 0.09 

FLD9 

76.52 

3.23 

13.40 

0.67 

3.09 

0.23 

3.48 

0.14 

2.63 

0.12 

2.63 

0.12 

0.26 0.05 

0.55 0.07 

FLD9 

84.78 

3.57 

7.66 

0.41 

2.21 

0.17 

3.01 

0.13 

0.93 

0.07 

1.73 

0.09 

0.09 0.05 

0.29 0.06 

FLD9 

75.11 

3.17 

15.00 

0.74 

3.83 

0.27 

4.24 

0.16 

0.73 

0.06 

2.73 

0.12 

0.32 0.06 

0.45 0.07 

FLD9 

76.73 

3.24 

13.37 

0.67 

3.53 

0.26 

3.74 

0.15 

1.92 

0.10 

2.89 

0.13 

0.37 0.06 

0.52 0.07 

FLD9 

74.60 

3.15 

12.86 

0.65 

3.03 

0.22 

3.84 

0.15 

1.56 

0.09 

3.15 

0.13 

0.32 0.06 

0.50 0.07 

FLD9 

74.97 

3.17 

12.66 

0.64 

3.13 

0.23 

3.64 

0.14 

1.70 

0.09 

3.41 

0.14 

0.56 0.06 

0.59 0.08 

FLD9 

67.81 

2.87 

16.69 

0.82 

3.62 

0.26 

4.10 

0.16 

1.69 

0.09 

3.28 

0.14 

0.52 0.06 

0.93 0.09 

FLD9 

73.56 

3.11 

12.82 

0.64 

3.29 

0.24 

3.84 

0.15 

2.47 

0.11 

2.60 

0.12 

0.28 0.06 

0.53 0.07 

FLD9 

71.15 

3.01 

14.53 

0.72 

3.84 

0.27 

4.15 

0.16 

2.05 

0.10 

3.02 

0.13 

0.32 0.06 

0.64 0.08 

FLD9 

72.49 

3.06 

15.56 

0.77 

3.67 

0.26 

4.21 

0.16 

2.05 

0.10 

3.16 

0.14 

0.34 0.06 

0.68 0.08 

FLD9 

76.74 

3.24 

12.02 

0.61 

4.42 

0.31 

4.34 

0.17 

0.03 

0.04 

1.32 

0.08 

0.03 0.05 

0.03 0.05 

FLD9 

69.07 

2.92 

20.51 

1.00 

5.19 

0.36 i 

6.83 

0.24 

1.25 

0.08 

0.13 

0.04 

0.06 0.05 

0.30 0.06 

FLD9 

74.36 

3.14 

13.93 

0.70 

3.56 

0.26 

4.08 

0.16 

1.33 

0.08 

2.86 

0.13 

0.23 0.05 

0.41 0.07 

FLD9 

73.16 

3.09 

13.34 

0.67 

3.23 

0.24 

4.02 

0.16 

1.54 

0.08 

2.81 

0.12 

0.32 0.06 

0.42 0.07 

FLD9 

76.92 

3.25 

13.40 

0.67 

3.43 

0.25 

3.69 

0.15 

2.02 

0.10 

2.58 

0.12 

0.28 0.05 

0.53 0.07 

FLD9 

73.51 

3.11 

14.60 

0.73 

3.21 

0.24 

3.49 

0.14 

2.36 

0.11 

2.86 

0.13 

0.30 0.06 

0.49 0.07 

FLD9 

74.77 

3.16 

14.57 

0.72 

3.66 

0.26 

4.08 

0.16 

1.79 

0.09 

2.92 

0.13 

0.31 0.06 

0.64 0.08 

FLD9 

74.28 

3.14 

13.15 

0.66 

3.18 

0.23 

3.60 

0.14 

1.84 

0.09 

3.52 

0.15 

0.30 0.06 

0.54 0.07 

FLD9 

74.78 

3.16 

13.59 

0.68 

3.38 

0.25 

3.75 

0.15 

1.83 

0.09 

2.93 

0.13 

0.32 0.06 

0.52 0.07 

FLD9 

69.32 

2.93 

16.16 

0.80 

3.72 

0.27 

4.32 

0.17 

2.49 

0.11 

3.20 

0.14 

0.36 0.06 

1.10 0.10 

FLD9 

73.20 

3.09 

14.65 

0.73 

3.33 

0.24 

3.46 

0.14 

3.29 

0.14 

2.96 

0.13 

0.32 0.06 

0.76 0.08 

FLD9 

73.09 

3.09 

13.42 

0.67 

3.46 

0.25 

4.15 

0.16 

1.21 

0.07 

3.01 

0.13 

0.50 0.06 

0.60 0.08 

FLD9 

69.41 

2.94 

18.43 

0.90 

6.11 

0.42 

5.75 

0.21 

0.03 

0.04 

1.75 

0.09 

0.03 0.05 

0.28 0.06 

FLD9 

66.01 

2.79 

17.28 

0.85 

5.91 

0.40 

5.91 

0.21 

0.10 

0.04 

1.98 

0.10 

0.05 0.05 

0.24 0.06 

FLD9 

72.22 

3.05 

14.77 

0.73 

5.43 

0.37 

5.33 

0.20 

0.03 

0.04 

2.97 

0.13 

0.06 0.05 

0.23 0.06 

FLD9 

77.91 

3.29 

13.00 

0.65 

2.48 

0.19 

3.37 

0.14 

1.49 

0.08 

2.10 

0.10 

0.21 0.05 

0.49 0.07 
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FLD9 74.79 

FLD9 71.82 

FLD9 70.60 

FLD9 72.63 

FLD9 67.53 

FLD9 75.33 

FLD9 70.57 

FLD9 75.97 

FLD9 68.06 

FLD9 75.00 

FLD9 74.32 

FLD9 62.20 

FLD9 77.22 

FLD9 75.98 

FLD9 69.03 

FLD9 76.11 

FLD9 73.25 

FLD9 73.82 

FLD9 69.32 

FLD9 72.28 

FLD9 71.43 

FLD9 70.97 

FLD9 70.94 

FLD9 76.66 

FLD9 75.24 

FLD9 74.08 

FLD9 71.64 

FLD9 74.77 

FLD9 70.10 

FLD9 72.01 

FLD9 68.97 

FLD9 76.42 

FLD9 68.98 

FLD9 70.68 

FLD9 96.73 

FLD9 76.54 

FLD9 67.61 

FLD9 67.88 

FLD9 74.93 

FLD9 74.41 

FLD9 66.31 

FLD9 65.54 

FLD9 64.18 

FLD9 75.30 

FLD9 70.31 

FLD9 88.28 

FLD9 67.13 

FLD9 70.29 

FLD9 66.50 

FLD9 65.93 

FLD9 82.42 

FLD9 71.26 

FLD9 75.00 

FLD9 77.50 

FLD9 70.95 

FLD9 67.68 

FLD9 72.60 

FLD9 68.42 

FLD9 74.01 

FLD9 72.99 

FLD9 75.78 

FLD9 67.91 


3.16 12.85 0.65 

3.04 15.96 0.79 

2.98 14.23 0.71 

3.07 15.07 0.75 

2.86 16.45 0.81 

3.18 14.07 0.70 

2.98 16.41 0.81 

3.21 13.61 0.68 

2.88 17.31 0.85 

3.17 13.56 0.68 

3.14 12.85 0.65 

2.64 19.73 0.96 

3.26 13.25 0.66 

3.21 13.30 0.67 

2.92 14.45 0.72 

3.21 12.84 0.64 

3.09 12.54 0.63 

3.12 13.84 0.69 

2.93 14.46 0.72 

3.05 14.19 0.71 

3.02 13.99 0.70 

3.00 16.21 0.80 

3.00 17.33 0.85 

3.24 13.22 0.66 

3.18 12.60 0.63 

3.13 13.68 0.68 

3.03 13.60 0.68 

3.16 13.78 0.69 

2.96 13.89 0.69 

3.04 13.30 0.67 

2.92 14.76 0.73 

3.23 13.54 0.68 

2.92 17.48 0.86 

2.99 17.92 0.88 

4.07 2.15 0.15 

3.23 13.85 0.69 

2.86 19.71 0.96 

2.87 17.52 0.86 

3.16 14.06 0.70 

3.14 14.53 0.72 

2.81 18.13 0.89 

2.77 18.57 0.91 

2.72 18.22 0.89 

3.18 10.73 0.55 

2.97 16.21 0.80 

3.72 6.93 0.37 

2.84 17.29 0.85 

2.97 17.01 0.84 

2.81 16.99 0.84 

2.79 20.31 0.99 

3.47 11.66 0.59 

3.01 15.60 0.77 

3.17 13.46 0.67 

3.27 13.45 0.67 

3.00 16.67 0.82 

2.86 15.56 0.77 

3.07 16.26 0.80 

2.89 15.33 0.76 

3.13 14.45 0.72 

3.08 13.27 0.66 

3.20 15.37 0.76 

2.87 17.48 0.86 


3.32 0.24 3.89 

3.46 0.25 4.03 

3.13 0.23 3.80 

3.70 0.27 3.95 

3.72 0.27 4.08 

3.48 0.25 4.00 

3.45 0.25 3.85 

3.26 0.24 3.75 

3.92 0.28 4.41 

2.92 0.22 3.31 

3.38 0.25 4.11 

4.02 0.29 3.95 

3.19 0.23 3.99 

3.59 0.26 3.92 

3.58 0.26 4.11 

3.41 0.25 3.87 

3.22 0.24 3.94 

3.27 0.24 4.03 

3.87 0.28 4.98 

3.65 0.26 3.90 

3.68 0.27 4.17 

3.52 0.26 4.29 

6.20 0.42 5.83 

3.16 0.23 3.80 

3.34 0.24 3.91 

3.45 0.25 3.82 

3.70 0.27 4.26 

3.54 0.26 4.11 

3.67 0.26 4.24 

3.69 0.27 4.41 

3.96 0.28 4.32 

2.94 0.22 3.42 

4.00 0.29 4.35 

3.69 0.27 4.00 

0.70 0.08 1.03 

3.51 0.25 4.20 

3.39 0.25 3.53 

6.22 0.42 5.77 

3.54 0.26 4.07 

3.34 0.24 3.63 

4.49 0.32 4.48 

2.91 0.22 3.41 

4.27 0.30 4.64 

3.65 0.26 4.50 

3.44 0.25 4.25 

1.56 0.13 2.36 

3.52 0.26 3.95 

3.39 0.25 3.98 

3.61 0.26 3.83 

3.25 0.24 3.69 

2.54 0.19 3.35 

3.83 0.27 4.25 

3.48 0.25 3.82 

4.19 0.30 4.60 

4.31 0.30 4.29 

3.76 0.27 4.40 

3.15 0.23 3.57 

3.68 0.27 4.44 

3.44 0.25 3.82 

3.07 0.23 3.68 

3.29 0.24 3.74 

4.60 0.32 4.73 


0.15 2.30 0.11 

0.16 1.62 0.09 

0.15 1.65 0.09 

0.15 1.98 0.10 

0.16 1.93 0.10 

0.16 1.49 0.08 

0.15 1.81 0.09 

0.15 1.83 0.09 

0.17 1.74 0.09 

0.13 2.81 0.12 

0.16 1.16 0.07 

0.15 3.54 0.15 

0.16 1.21 0.08 

0.15 2.03 0.10 

0.16 2.03 0.10 

0.15 1.77 0.09 

0.15 1.67 0.09 

0.16 1.89 0.10 

0.19 1.03 0.07 

0.15 1.91 0.10 

0.16 1.74 0.09 

0.16 1.73 0.09 

0.21 0.03 0.04 

0.15 2.36 0.11 

0.15 2.23 0.11 

0.15 2.24 0.11 

0.16 1.57 0.09 

0.16 1.77 0.09 

0.16 1.76 0.09 

0.17 1.33 0.08 

0.17 1.99 0.10 

0.14 2.26 0.11 

0.17 1.55 0.09 

0.16 1.92 0.10 

0.06 0.03 0.04 

0.16 1.69 0.09 

0.14 2.27 0.11 

0.21 0.10 0.04 

0.16 1.60 0.09 

0.14 2.00 0.10 

0.17 1.38 0.08 

0.14 2.82 0.12 

0.18 1.77 0.09 

0.17 0.12 0.04 

0.16 1.60 0.09 

0.11 0.60 0.06 

0.15 2.46 0.11 

0.16 1.74 0.09 

0.15 2.80 0.12 

0.15 2.19 0.10 

0.14 0.88 0.07 

0.16 1.92 0.10 

0.15 2.17 0.10 

0.17 0.29 0.05 

0.16 1.90 0.10 

0.17 1.58 0.09 

0.14 1.50 0.08 

0.17 1.27 0.08 

0.15 1.64 0.09 

0.15 2.14 0.10 

0.15 1.30 0.08 

0.18 1.42 0.08 


2.87 0.13 0.38 

3.03 0.13 0.39 

3.61 0.15 0.44 

2.83 0.13 0.37 

4.04 0.16 0.54 

2.49 0.11 0.28 

2.95 0.13 0.48 

2.57 0.12 0.32 

2.83 0.13 0.43 

2.53 0.12 0.30 

2.92 0.13 0.30 

3.80 0.16 0.53 

2.49 0.11 0.18 

2.48 0.11 0.26 

3.56 0.15 0.35 

2.83 0.13 0.32 

2.39 0.11 0.33 

2.84 0.13 0.26 

2.57 0.12 0.19 

2.74 0.12 0.33 

3.25 0.14 0.28 

3.29 0.14 0.46 

1.64 0.09 0.03 

2.55 0.12 0.38 

2.80 0.12 0.30 

2.91 0.13 0.36 

3.54 0.15 0.44 

3.01 0.13 0.34 

2.91 0.13 0.33 

3.05 0.13 0.29 

4.02 0.16 0.54 

2.39 0.11 0.23 

3.20 0.14 0.40 

2.97 0.13 0.33 

0.60 0.06 0.03 

2.08 0.10 0.13 

3.22 0.14 0.55 

3.41 0.14 0.03 

2.64 0.12 0.33 

2.54 0.12 0.30 

3.72 0.15 0.60 

4.02 0.16 0.66 

3.30 0.14 0.51 

2.67 0.12 0.03 

3.12 0.13 0.33 

1.59 0.09 0.36 

3.35 0.14 0.57 

2.90 0.13 0.43 

4.07 0.16 0.60 

3.20 0.14 0.56 

2.07 0.10 0.09 

3.06 0.13 0.47 

2.74 0.12 0.30 

2.41 0.11 0.09 

3.01 0.13 0.48 

3.58 0.15 0.36 

2.99 0.13 0.40 

3.34 0.14 0.36 

2.69 0.12 0.32 

3.55 0.15 0.43 

2.78 0.12 0.42 

2.85 0.13 0.32 


0.06 0.51 0.07 

0.06 0.79 0.09 

0.06 0.76 0.09 

0.06 0.58 0.08 

0.06 0.94 0.09 

0.06 0.42 0.07 

0.06 0.96 0.10 

0.06 0.46 0.07 

0.06 0.72 0.08 

0.06 0.51 0.07 

0.06 0.48 0.07 

0.06 0.85 0.09 

0.05 0.51 0.07 

0.05 0.54 0.07 

0.06 0.56 0.07 

0.06 0.58 0.08 

0.06 0.53 0.07 

0.05 0.48 0.07 

0.05 0.31 0.06 

0.06 0.64 0.08 

0.06 0.92 0.09 

0.06 0.86 0.09 

0.05 0.24 0.06 

0.06 0.50 0.07 

0.06 0.42 0.07 

0.06 0.57 0.07 

0.06 0.54 0.07 

0.06 0.69 0.08 

0.06 0.60 0.08 

0.06 0.45 0.07 

0.06 0.68 0.08 

0.05 0.45 0.07 

0.06 0.87 0.09 

0.06 1.03 0.10 

0.05 0.03 0.05 

0.05 0.63 0.08 

0.06 1.19 0.11 

0.05 0.29 0.06 

0.06 0.58 0.08 

0.06 0.42 0.07 

0.07 0.53 0.07 

0.07 1.74 0.14 

0.06 1.18 0.11 

0.05 0.03 0.05 

0.06 0.70 0.08 

0.06 0.39 0.07 

0.06 1.29 0.11 

0.06 0.97 0.10 

0.06 1.72 0.14 

0.06 1.13 0.10 

0.05 0.55 0.07 

0.06 0.74 0.08 

0.06 0.54 0.07 

0.05 0.26 0.06 

0.06 0.84 0.09 

0.06 0.63 0.08 

0.06 0.69 0.08 

0.06 0.88 0.09 

0.06 0.52 0.07 

0.06 0.57 0.07 

0.06 0.82 0.09 

0.06 0.76 0.09 
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FLD9 77.35 

FLD9 69.81 

FLD9 67.76 

FLD9 71.16 

FLD9 66.86 

FLD9 67.62 

FLD9 81.13 

FLD9 75.00 

FLD9 74.08 

FLD9 72.43 

FLD9 72.58 

FLD9 75.41 

FLD9 67.94 

FLD9 68.89 

FLD9 83.72 

FLD9 71.60 

FLD9 70.72 

FLD9 70.54 

FLD9 67.38 

FLD9 71.32 

FLD9 65.56 

FLD9 76.13 

FLD9 65.71 

FLD9 70.23 

FLD9 75.49 

FLD9 63.08 

FLD9 72.18 

FLD9 64.06 

FLD9 68.54 

FLD9 75.01 

FLD9 75.50 

FLD9 73.52 

FLD9 75.71 

FLD9 72.82 

FLD9 74.68 

FLD9 75.65 

FLD9 70.78 

FLD9 69.67 

FLD9 71.27 

FLD9 71.74 

FLD9 68.76 

FLD9 75.04 

FLD9 74.72 

FLD9 72.46 

FLD9 74.50 

FLD9 71.98 

FLD9 69.89 

FLD9 75.61 

FLD9 74.81 

FLD9 72.82 

FLD9 72.18 

FLD9 67.85 

FLD9 66.44 

FLD9 66.70 

FLD9 71.62 

FLD9 70.18 

FLD9 78.56 

FLD9 69.28 

FLD9 70.82 

FLD9 68.21 

FLD9 67.84 

FLD9 73.47 


3.26 13.68 0.68 

2.95 17.32 0.85 

2.87 17.49 0.86 

3.01 13.85 0.69 

2.83 18.14 0.89 

2.86 17.27 0.85 

3.42 11.00 0.56 

3.17 15.33 0.76 

3.13 16.63 0.82 

3.06 15.45 0.77 

3.07 16.51 0.81 

3.18 12.61 0.63 

2.87 14.58 0.73 

2.91 17.16 0.84 

3.53 9.19 0.48 

3.03 16.49 0.81 

2.99 17.93 0.88 

2.98 14.30 0.71 

2.85 14.61 0.73 

3.01 15.93 0.79 

2.78 18.14 0.89 

3.21 14.43 0.72 

2.78 14.92 0.74 

2.97 13.89 0.69 

3.19 13.53 0.68 

2.67 19.54 0.95 

3.05 15.62 0.77 

2.71 19.53 0.95 

2.90 17.78 0.87 

3.17 12.85 0.65 

3.19 15.23 0.76 

3.11 14.76 0.73 

3.20 13.17 0.66 

3.08 14.54 0.72 

3.15 12.79 0.64 

3.19 13.58 0.68 

2.99 14.74 0.73 

2.95 14.94 0.74 

3.01 13.04 0.65 

3.03 15.91 0.79 

2.91 15.15 0.75 

3.17 13.05 0.65 

3.16 13.32 0.67 

3.06 13.65 0.68 

3.15 13.16 0.66 

3.04 14.42 0.72 

2.96 16.31 0.81 

3.19 13.38 0.67 

3.16 12.70 0.64 

3.08 14.16 0.71 

3.05 12.86 0.65 

2.87 17.83 0.88 

2.81 15.37 0.76 

2.82 15.24 0.76 

3.03 13.77 0.69 

2.97 15.87 0.78 

3.31 12.85 0.65 

2.93 17.72 0.87 

2.99 18.39 0.90 

2.89 16.45 0.81 

2.87 16.99 0.84 

3.10 14.52 0.72 


3.97 0.28 4.26 

4.47 0.31 4.71 

4.74 0.33 4.80 

3.27 0.24 4.05 

4.19 0.30 4.71 

4.70 0.33 5.15 

3.21 0.24 4.09 

3.52 0.26 4.15 

3.35 0.25 4.03 

3.08 0.23 3.95 

3.22 0.24 3.98 

3.26 0.24 4.27 

4.53 0.32 4.85 

4.84 0.34 4.85 

2.75 0.21 2.80 

3.61 0.26 4.36 

3.47 0.25 4.42 

3.35 0.24 4.20 

5.74 0.39 5.13 

4.33 0.31 4.69 

3.59 0.26 4.26 

3.39 0.25 5.00 

5.70 0.39 5.62 

5.26 0.36 5.19 

2.85 0.21 4.62 

3.78 0.27 4.24 

3.87 0.28 4.51 

4.01 0.29 4.01 

4.70 0.33 5.01 

3.03 0.23 3.49 

3.11 0.23 4.07 

3.96 0.28 4.31 

3.35 0.25 3.63 

3.36 0.25 4.07 

3.26 0.24 3.63 

3.49 0.25 3.91 

3.86 0.28 4.17 

3.74 0.27 4.22 

3.33 0.24 3.56 

4.56 0.32 4.68 

4.60 0.32 4.73 

3.47 0.25 3.87 

3.30 0.24 3.65 

3.47 0.25 4.03 

3.29 0.24 3.79 

3.84 0.28 4.35 

4.24 0.30 4.44 

3.56 0.26 4.04 

3.30 0.24 3.82 

3.84 0.28 4.41 

3.75 0.27 4.42 

5.52 0.38 5.79 

4.04 0.29 4.45 

4.25 0.30 4.84 

3.61 0.26 4.35 

4.26 0.30 4.64 

3.33 0.24 4.33 

3.78 0.27 4.39 

3.62 0.26 4.14 

3.44 0.25 3.95 

3.80 0.27 4.25 

3.76 0.27 4.53 


0.16 0.76 0.06 

0.18 1.28 0.08 

0.18 1.61 0.09 

0.16 1.19 0.07 

0.18 2.00 0.10 

0.19 1.06 0.07 

0.16 0.82 0.06 

0.16 1.30 0.08 

0.16 1.95 0.10 

0.15 1.96 0.10 

0.16 1.71 0.09 

0.16 1.37 0.08 

0.18 1.76 0.09 

0.18 1.26 0.08 

0.12 1.55 0.09 

0.17 1.83 0.09 

0.17 1.54 0.08 

0.16 1.94 0.10 

0.19 2.15 0.10 

0.18 2.42 0.11 

0.16 2.62 0.12 

0.19 0.74 0.06 

0.21 0.24 0.05 

0.19 1.92 0.10 

0.17 1.50 0.08 

0.16 2.22 0.11 

0.17 1.76 0.09 

0.16 3.16 0.13 

0.19 1.59 0.09 

0.14 2.30 0.11 

0.16 0.79 0.06 

0.17 1.53 0.08 

0.14 3.50 0.14 

0.16 1.53 0.08 

0.14 3.42 0.14 

0.15 2.68 0.12 

0.16 2.10 0.10 

0.16 3.11 0.13 

0.14 3.97 0.16 

0.18 1.30 0.08 

0.18 2.19 0.10 

0.15 3.05 0.13 

0.15 3.62 0.15 

0.16 2.66 0.12 

0.15 3.70 0.15 

0.17 2.64 0.12 

0.17 2.41 0.11 

0.16 2.78 0.12 

0.15 3.14 0.13 

0.17 1.98 0.10 

0.17 2.16 0.10 

0.21 0.43 0.05 

0.17 2.07 0.10 

0.18 1.73 0.09 

0.17 2.21 0.11 

0.18 2.13 0.10 

0.17 0.87 0.06 

0.17 1.86 0.09 

0.16 1.79 0.09 

0.15 2.17 0.10 

0.16 2.11 0.10 

0.17 1.72 0.09 


2.27 0.11 0.14 

3.69 0.15 0.33 

3.90 0.16 0.45 

4.03 0.16 0.42 

3.42 0.14 0.42 

3.12 0.13 0.51 

2.69 0.12 0.08 

2.41 0.11 0.31 

2.50 0.11 0.36 

3.19 0.14 0.42 

2.90 0.13 0.51 

5.19 0.20 0.41 

4.50 0.18 0.12 

3.72 0.15 0.15 

2.29 0.11 0.24 

3.01 0.13 0.42 

2.77 0.12 0.36 

3.99 0.16 0.78 

5.54 0.21 0.23 

2.59 0.12 0.26 

4.34 0.17 0.55 

1.72 0.09 0.15 

6.58 0.24 0.09 

6.37 0.23 0.24 

3.92 0.16 0.19 

4.60 0.18 0.71 

3.10 0.13 0.25 

4.99 0.19 0.65 

3.67 0.15 0.42 

3.65 0.15 0.48 

2.21 0.11 0.30 

3.13 0.13 0.32 

3.02 0.13 0.26 

2.94 0.13 0.39 

2.53 0.12 0.25 

2.48 0.11 0.59 

3.77 0.15 0.52 

4.23 0.17 0.53 

4.68 0.18 0.67 

3.33 0.14 0.36 

2.89 0.13 0.23 

2.47 0.11 0.28 

2.71 0.12 0.34 

2.89 0.13 0.37 

2.70 0.12 0.33 

2.85 0.13 0.28 

3.25 0.14 1.27 

2.37 0.11 0.35 

2.54 0.12 0.29 

2.39 0.11 0.40 

3.97 0.16 0.33 

2.81 0.12 0.07 

5.49 0.21 0.55 

4.48 0.18 0.43 

2.56 0.12 0.27 

2.76 0.12 0.28 

2.13 0.10 0.32 

3.07 0.13 0.52 

3.20 0.14 0.54 

5.19 0.20 0.58 

5.17 0.20 0.87 

2.86 0.13 0.33 


0.05 0.20 0.06 

0.06 0.68 0.08 

0.06 0.65 0.08 

0.06 0.71 0.08 

0.06 0.83 0.09 

0.06 0.44 0.07 

0.05 0.33 0.06 

0.06 0.63 0.08 

0.06 0.71 0.08 

0.06 1.05 0.10 

0.06 0.84 0.09 

0.06 0.63 0.08 

0.05 0.25 0.06 

0.05 0.43 0.07 

0.05 0.60 0.08 

0.06 1.05 0.10 

0.06 0.81 0.09 

0.07 0.77 0.09 

0.05 0.18 0.05 

0.05 0.64 0.08 

0.06 1.61 0.13 

0.05 0.33 0.06 

0.05 0.16 0.05 

0.05 0.25 0.06 

0.05 0.88 0.09 

0.07 1.67 0.13 

0.05 0.92 0.09 

0.07 2.84 0.19 

0.06 0.56 0.07 

0.06 1.26 0.11 

0.06 0.64 0.08 

0.06 0.75 0.08 

0.05 0.90 0.09 

0.06 0.67 0.08 

0.05 0.74 0.08 

0.06 0.62 0.08 

0.06 0.65 0.08 

0.06 0.90 0.09 

0.07 1.48 0.12 

0.06 0.54 0.07 

0.05 0.43 0.07 

0.06 0.67 0.08 

0.06 0.74 0.08 

0.06 0.62 0.08 

0.06 0.73 0.08 

0.06 0.61 0.08 

0.09 0.77 0.09 

0.06 0.55 0.07 

0.06 0.68 0.08 

0.06 0.64 0.08 

0.06 0.68 0.08 

0.05 0.03 0.05 

0.06 0.61 0.08 

0.06 0.54 0.07 

0.05 0.50 0.07 

0.05 0.52 0.07 

0.06 0.29 0.06 

0.06 0.98 0.10 

0.06 1.02 0.10 

0.06 1.07 0.10 

0.07 0.91 0.09 

0.06 0.85 0.09 
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FLD9 65.31 

FLD9 71.34 

FLD9 69.18 

FLD9 72.49 

FLD9 71.82 

FLD9 64.23 

FLD9 77.23 

FLD9 89.13 

FLD9 70.07 

FLD9 66.32 

FLD9 70.62 

FLD9 75.66 

FLD9 69.48 

FLD9 59.54 

FLD9 67.73 

FLD9 71.94 

FLD9 78.70 

FLD9 69.41 

FLD9 68.75 

FLD9 69.67 

FLD9 73.05 

FLD9 73.78 

FLD9 67.73 

FLD9 81.40 

FLD9 68.11 

FLD9 70.99 

FLD9 66.68 

FLD9 76.55 

FLD9 70.04 

FLD9 70.27 

FLD9 74.19 

FLD9 92.18 

FLD9 67.14 

FLD9 71.07 

FLD9 70.83 

FLD9 71.43 

FLD9 66.79 

FLD9 66.62 

FLD9 71.41 

FLD9 71.44 

FLD9 72.01 

FLD9 70.85 

FLD9 72.06 

FLD9 79.24 

FLD9 72.68 

FLD9 67.71 

FLD9 73.94 

FLD9 69.45 

FLD9 70.22 

FLD9 69.20 

FLD9 67.42 

FLD9 71.60 

FLD9 70.77 

FLD9 67.62 

FLD9 64.62 

FLD9 70.94 

FLD9 71.75 

FLD9 71.19 

FLD9 69.00 

FLD9 71.06 

FLD9 69.80 

FLD9 73.20 


2.77 13.61 0.68 

3.02 16.67 0.82 

2.93 17.90 0.88 

3.06 15.42 0.76 

3.04 15.47 0.77 

2.72 22.71 1.10 

3.26 12.76 0.64 

3.75 8.39 0.44 

2.96 16.89 0.83 

2.81 17.70 0.87 

2.99 15.85 0.78 

3.19 13.38 0.67 

2.94 19.03 0.93 

2.53 20.02 0.98 

2.87 15.25 0.76 

3.04 15.21 0.75 

3.32 11.62 0.59 

2.94 17.84 0.88 

2.91 19.26 0.94 

2.95 16.37 0.81 

3.09 15.04 0.75 

3.12 13.35 0.67 

2.87 14.81 0.74 

3.43 7.14 0.38 

2.88 14.93 0.74 

3.00 12.61 0.63 

2.82 16.08 0.79 

3.23 10.31 0.53 

2.96 14.82 0.74 

2.97 14.58 0.73 

3.13 11.74 0.59 

3.88 1.90 0.14 

2.84 16.86 0.83 

3.00 12.81 0.64 

2.99 12.46 0.63 

3.02 12.95 0.65 

2.83 15.38 0.76 

2.82 15.62 0.77 

3.02 13.94 0.70 

3.02 12.06 0.61 

3.04 11.35 0.58 

3.00 13.13 0.66 

3.05 12.04 0.61 

3.34 10.11 0.52 

3.07 11.76 0.60 

2.87 15.50 0.77 

3.12 11.76 0.59 

2.94 14.77 0.73 

2.97 12.75 0.64 

2.93 14.40 0.72 

2.85 15.29 0.76 

3.03 12.85 0.65 

2.99 13.27 0.66 

2.86 16.09 0.80 

2.74 15.92 0.79 

3.00 12.85 0.65 

3.03 12.75 0.64 

3.01 12.29 0.62 

2.92 14.28 0.71 

3.00 12.77 0.64 

2.95 15.68 0.78 

3.09 13.31 0.67 


3.82 0.27 3.46 

3.28 0.24 4.13 

3.42 0.25 4.17 

3.17 0.23 4.13 

3.76 0.27 4.76 

4.49 0.32 4.29 

2.32 0.18 3.49 

1.63 0.14 2.53 

3.85 0.28 4.22 

3.75 0.27 4.61 

3.57 0.26 4.26 

3.27 0.24 4.19 

3.54 0.26 4.52 

3.52 0.26 3.46 

4.17 0.30 4.89 

3.74 0.27 4.49 

2.83 0.21 3.92 

3.37 0.25 4.39 

3.73 0.27 3.99 

4.53 0.32 4.74 

3.78 0.27 4.66 

3.09 0.23 3.73 

3.08 0.23 4.32 

1.85 0.15 2.87 

3.75 0.27 4.47 

2.83 0.21 3.49 

3.54 0.26 4.15 

2.78 0.21 3.86 

3.33 0.24 4.30 

3.03 0.22 4.07 

2.79 0.21 3.81 

0.45 0.07 0.77 

3.43 0.25 4.11 

3.35 0.24 4.80 

3.25 0.24 4.00 

2.57 0.20 3.23 

3.82 0.27 4.38 

3.20 0.24 4.04 

3.29 0.24 3.95 

3.04 0.23 3.87 

3.04 0.23 3.73 

2.80 0.21 3.42 

3.08 0.23 3.87 

3.07 0.23 4.20 

2.95 0.22 4.09 

4.02 0.29 4.37 

3.50 0.25 4.49 

2.98 0.22 3.77 

3.16 0.23 3.76 

3.28 0.24 3.99 

3.28 0.24 4.16 

2.88 0.22 3.68 

3.25 0.24 3.82 

4.16 0.29 4.58 

3.35 0.24 4.02 

3.00 0.22 3.65 

2.98 0.22 3.90 

2.98 0.22 3.82 

3.80 0.27 4.49 

3.17 0.23 3.92 

3.45 0.25 3.91 

2.55 0.20 3.23 


0.14 2.03 0.10 

0.16 1.63 0.09 

0.16 2.12 0.10 

0.16 1.51 0.08 

0.18 1.07 0.07 

0.16 3.68 0.15 

0.14 2.15 0.10 

0.11 0.81 0.06 

0.16 1.56 0.09 

0.17 1.51 0.08 

0.16 1.62 0.09 

0.16 1.25 0.08 

0.17 1.37 0.08 

0.14 5.07 0.19 

0.18 1.06 0.07 

0.17 1.47 0.08 

0.15 0.78 0.06 

0.17 2.17 0.10 

0.16 2.22 0.11 

0.18 1.31 0.08 

0.18 0.97 0.07 

0.15 2.01 0.10 

0.17 1.65 0.09 

0.12 0.69 0.06 

0.17 1.17 0.07 

0.14 2.78 0.12 

0.16 1.92 0.10 

0.15 1.83 0.09 

0.17 1.42 0.08 

0.16 1.42 0.08 

0.15 1.96 0.10 

0.06 0.03 0.04 

0.16 1.93 0.10 

0.18 0.76 0.06 

0.16 2.34 0.U 

0.13 2.73 0.12 

0.17 1.71 0.09 

0.16 1.85 0.09 

0.15 2.09 0.10 

0.15 2.20 0.10 

0.15 2.87 0.13 

0.14 2.72 0.12 

0.15 1.75 0.09 

0.16 0.07 0.04 

0.16 1.75 0.09 

0.17 1.40 0.08 

0.17 0.03 0.04 

0.15 1.37 0.08 

0.15 2.60 0.12 

0.16 2.05 0.10 

0.16 2.15 0.10 

0.15 2.23 0.11 

0.15 2.24 0.11 

0.17 1.65 0.09 

0.16 3.15 0.13 

0.15 2.43 0.11 

0.15 1.97 0.10 

0.15 2.08 0.10 

0.17 1.07 0.07 

0.15 2.73 0.12 

0.15 2.70 0.12 

0.13 2.68 0.12 


7.49 0.27 0.44 

3.74 0.15 0.48 

3.46 0.14 0.39 

3.28 0.14 0.52 

2.36 0.11 0.33 

2.04 0.10 0.19 

1.17 0.07 0.17 

0.32 0.05 0.03 

4.09 0.16 0.53 

4.92 0.19 0.59 

2.96 0.13 0.36 

4.47 0.18 0.37 

3.36 0.14 0.42 

6.11 0.23 0.60 

4.67 0.18 0.54 

2.91 0.13 0.36 

2.35 0.11 0.19 

3.18 0.14 0.48 

3.79 0.15 0.48 

3.84 0.16 0.52 

3.02 0.13 0.37 

2.73 0.12 0.29 

3.13 0.13 0.52 

2.91 0.13 0.18 

3.55 0.15 0.55 

2.80 0.12 0.42 

3.31 0.14 0.40 

3.07 0.13 0.28 

2.89 0.13 0.38 

2.61 0.12 0.20 

2.63 0.12 0.36 

0.48 0.05 0.11 

4.08 0.16 0.53 

4.13 0.17 0.36 

2.87 0.13 0.33 

2.73 0.12 0.34 

3.50 0.15 0.58 

3.17 0.14 1.36 

2.47 0.11 0.29 

2.89 0.13 0.35 

2.83 0.12 0.28 

2.62 0.12 0.31 

2.78 0.12 0.35 

2.02 0.10 0.09 

2.66 0.12 0.29 

3.29 0.14 0.43 

2.46 0.11 0.03 

3.31 0.14 0.48 

2.99 0.13 0.35 

2.65 0.12 0.35 

2.69 0.12 0.48 

2.90 0.13 0.33 

3.07 0.13 0.34 

2.89 0.13 0.49 

3.76 0.15 0.53 

2.64 0.12 0.35 

2.84 0.13 0.34 

2.83 0.13 0.35 

3.27 0.14 0.39 

2.84 0.13 0.32 

3.71 0.15 0.33 

2.87 0.13 0.32 


0.06 6.86 0.41 

0.06 0.82 0.09 

0.06 1.23 0.11 

0.06 0.78 0.09 

0.06 0.45 0.07 

0.05 0.71 0.08 

0.05 0.73 0.08 

0.05 0.34 0.06 

0.06 1.12 0.10 

0.06 0.72 0.08 

0.06 0.79 0.09 

0.06 0.80 0.09 

0.06 1.36 0.12 

0.06 2.85 0.19 

0.06 0.65 0.08 

0.06 0.83 0.09 

0.05 0.38 0.06 

0.06 1.04 0.10 

0.06 1.46 0.12 

0.06 0.81 0.09 

0.06 0.55 0.07 

0.06 0.50 0.07 

0.06 0.83 0.09 

0.05 0.35 0.06 

0.06 0.61 0.08 

0.06 0.48 0.07 

0.06 0.66 0.08 

0.06 0.45 0.07 

0.06 0.63 0.08 

0.05 0.48 0.07 

0.06 0.43 0.07 

0.05 0.09 0.05 

0.06 0.79 0.09 

0.06 0.22 0.06 

0.06 0.45 0.07 

0.06 0.39 0.07 

0.06 0.87 0.09 

0.09 0.88 0.09 

0.06 0.52 0.07 

0.06 0.52 0.07 

0.06 0.43 0.07 

0.06 0.44 0.07 

0.06 0.47 0.07 

0.05 0.16 0.05 

0.06 0.44 0.07 

0.06 0.52 0.07 

0.05 0.03 0.05 

0.06 0.60 0.08 

0.06 0.73 0.08 

0.06 0.51 0.07 

0.06 0.57 0.07 

0.06 0.45 0.07 

0.06 0.51 0.07 

0.06 0.47 0.07 

0.06 1.00 0.10 

0.06 0.47 0.07 

0.06 0.46 0.07 

0.06 0.47 0.07 

0.06 0.61 0.08 

0.06 0.45 0.07 

0.06 0.42 0.07 

0.06 0.47 0.07 
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FLD9 89.51 

FLD9 71.83 

FLD9 70.73 

FLD9 73.37 

FLD9 69.67 

FLD9 71.46 

FLD9 70.57 

FLD9 70.57 

FLD9 70.14 

FLD9 70.90 

FLD9 70.17 

FLD9 71.99 

FLD9 69.91 

FLD9 73.71 

FLD9 67.44 

FLD9 69.78 

FLD9 63.92 

FLD9 71.16 

FLD9 67.36 

FLD9 75.20 

FLD9 68.42 

FLD9 70.67 

FLD9 73.60 

FLD9 70.33 

FLD9 72.65 

FLD9 71.16 

FLD9 71.26 

FLD9 69.35 

FLD9 62.52 

FLD9 66.68 

FLD9 71.66 

FLD9 72.13 

FLD9 69.06 

FLD9 70.98 

FLD9 70.17 

FLD9 73.99 

FLD9 76.80 

FLD9 71.35 

FLD9 71.51 

FLD9 70.63 

FLD9 70.83 

FLD9 70.43 

FLD9 71.44 

FLD9 71.60 

FLD9 71.10 

FLD9 72.64 

FLD9 68.65 

FLD9 71.25 

FLD9 70.99 

FLD9 72.00 

FLD9 71.26 

FLD9 69.80 

FLD9 69.09 

FLD9 72.79 

FLD9 70.42 

FLD9 72.19 

FLD9 78.26 

FLD9 74.52 

FLD9 77.04 

FLD9 78.90 

FLD9 78.73 

FLD9 76.70 


3.77 3.47 0.21 

3.04 13.09 0.66 

2.99 13.15 0.66 

3.10 12.62 0.63 

2.95 14.20 0.71 

3.02 13.89 0.69 

2.98 12.21 0.62 

2.98 13.36 0.67 

2.97 13.32 0.67 

3.00 13.22 0.66 

2.97 13.40 0.67 

3.04 13.01 0.65 

2.96 13.38 0.67 

3.11 11.37 0.58 

2.85 14.86 0.74 

2.95 13.35 0.67 

2.71 18.39 0.90 

3.01 12.45 0.63 

2.85 15.83 0.78 

3.18 10.79 0.55 

2.89 14.56 0.72 

2.99 13.09 0.66 

3.11 11.43 0.58 

2.97 12.49 0.63 

3.07 12.64 0.64 

3.01 11.82 0.60 

3.01 12.48 0.63 

2.93 12.41 0.62 

2.65 10.10 0.52 

2.82 14.83 0.74 

3.03 12.48 0.63 

3.05 12.66 0.64 

2.92 13.00 0.65 

3.00 11.80 0.60 

2.97 12.81 0.64 

3.12 11.03 0.56 

3.24 8.01 0.42 

3.02 12.68 0.64 

3.02 12.35 0.62 

2.99 12.90 0.65 

2.99 13.05 0.65 

2.98 13.62 0.68 

3.02 12.30 0.62 

3.03 12.30 0.62 

3.01 12.35 0.62 

3.07 11.80 0.60 

2.90 14.79 0.73 

3.01 14.17 0.71 

3.00 11.99 0.61 

3.04 13.09 0.66 

3.01 12.80 0.64 

2.95 14.20 0.71 

2.92 14.58 0.73 

3.08 11.67 0.59 

2.98 12.93 0.65 

3.05 11.39 0.58 

3.30 9.44 0.49 

3.15 13.71 0.69 

3.25 13.37 0.67 

3.33 12.87 0.65 

3.32 11.58 0.59 

3.24 13.90 0.69 


1.00 0.10 1.53 

3.11 0.23 3.93 

2.63 0.20 3.26 

3.01 0.22 3.53 

3.30 0.24 4.00 

2.61 0.20 3.02 

3.11 0.23 3.98 

2.77 0.21 3.44 

2.86 0.21 3.57 

3.39 0.25 3.84 

2.72 0.21 3.45 

3.11 0.23 3.70 

3.15 0.23 3.54 

3.00 0.22 3.96 

3.55 0.26 4.15 

3.21 0.24 3.88 

3.75 0.27 4.16 

2.99 0.22 3.70 

3.07 0.23 3.72 

2.62 0.20 3.76 

3.24 0.24 3.92 

2.92 0.22 3.88 

2.91 0.22 3.69 

3.08 0.23 3.85 

3.06 0.23 3.60 

2.93 0.22 3.70 

3.47 0.25 4.24 

3.45 0.25 4.16 

3.03 0.23 3.01 

3.72 0.27 4.40 

3.30 0.24 4.42 

3.36 0.25 4.03 

3.40 0.25 3.97 

3.15 0.23 3.90 

3.15 0.23 3.83 

2.94 0.22 3.86 

2.60 0.20 4.14 

3.08 0.23 3.64 

3.36 0.25 4.04 

2.85 0.21 3.54 

2.88 0.22 3.77 

2.85 0.21 3.34 

2.87 0.21 3.72 

3.14 0.23 3.80 

3.12 0.23 3.91 

2.85 0.21 3.64 

3.75 0.27 4.23 

2.76 0.21 3.18 

3.18 0.23 4.02 

2.46 0.19 3.23 

2.93 0.22 3.57 

2.56 0.20 3.07 

2.61 0.20 3.03 

2.91 0.22 3.52 

3.11 0.23 3.93 

3.14 0.23 3.66 

2.53 0.19 3.40 

2.15 0.17 2.87 

2.84 0.21 3.31 

2.85 0.21 3.38 

2.55 0.20 3.39 

3.04 0.23 3.50 


0.08 0.53 0.05 

0.15 2.21 0.11 

0.13 3.06 0.13 

0.14 2.76 0.12 

0.16 2.11 0.10 

0.13 3.09 0.13 

0.16 2.57 0.12 

0.14 2.36 0.11 

0.14 2.44 0.11 

0.15 2.26 0.11 

0.14 2.72 0.12 

0.15 2.55 0.12 

0.14 3.40 0.14 

0.15 0.96 0.07 

0.16 1.77 0.09 

0.15 2.38 0.11 

0.16 3.78 0.15 

0.15 2.72 0.12 

0.15 1.73 0.09 

0.15 1.61 0.09 

0.15 2.11 0.10 

0.15 2.33 0.11 

0.15 2.33 0.11 

0.15 3.06 0.13 

0.14 2.25 0.11 

0.15 2.86 0.12 

0.16 2.31 0.11 

0.16 2.21 Oil 

0.13 9.45 0.32 

0.17 2.43 0.11 

0.17 1.79 0.09 

0.16 1.94 0.10 

0.15 2.50 0.11 

0.15 2.70 0.12 

0.15 2.49 0.11 

0.15 1.85 0.09 

0.16 0.47 0.05 

0.14 2.54 0.11 

0.16 2.41 0.11 

0.14 2.72 0.12 

0.15 2.33 0.11 

0.14 2.98 0.13 

0.15 2.79 0.12 

0.15 2.10 0.10 

0.15 2.01 0.10 

0.14 2.52 0.11 

0.16 1.69 0.09 

0.13 3.25 0.14 

0.16 1.97 0.10 

0.13 2.16 0.10 

0.14 2.70 0.12 

0.13 3.22 0.14 

0.13 3.33 0.14 

0.14 2.72 0.12 

0.15 2.23 0.11 

0.15 2.15 0.10 

0.14 1.63 0.09 

0.12 2.41 0.11 

0.13 2.55 0.12 

0.14 2.43 0.11 

0.14 2.23 0.11 

0.14 2.50 0.11 


0.90 0.07 0.13 

2.86 0.13 0.43 

2.79 0.12 0.33 

2.79 0.12 0.34 

2.75 0.12 0.39 

2.92 0.13 0.32 

2.91 0.13 0.35 

2.93 0.13 0.48 

3.05 0.13 0.31 

2.97 0.13 0.39 

2.99 0.13 0.31 

2.72 0.12 0.34 

2.94 0.13 0.40 

3.13 0.13 0.24 

3.80 0.15 0.51 

2.82 0.12 0.38 

2.73 0.12 0.17 

2.83 0.12 0.28 

3.19 0.14 0.54 

2.46 0.11 0.45 

3.03 0.13 0.40 

2.73 0.12 0.35 

2.56 0.12 0.41 

2.70 0.12 0.33 

2.85 0.13 0.34 

2.90 0.13 0.30 

2.90 0.13 0.40 

3.58 0.15 0.53 

5.98 0.22 0.78 

3.17 0.14 0.48 

2.83 0.13 0.27 

2.81 0.12 0.35 

3.08 0.13 0.45 

3.37 0.14 0.44 

3.17 0.14 0.35 

2.50 0.11 0.20 

3.98 0.16 0.05 

2.78 0.12 0.33 

2.70 0.12 0.33 

2.65 0.12 0.30 

2.86 0.13 0.30 

2.58 0.12 0.35 

2.60 0.12 0.29 

2.60 0.12 0.27 

2.76 0.12 0.33 

2.76 0.12 0.23 

2.47 0.11 0.17 

2.87 0.13 0.35 

3.20 0.14 0.34 

2.82 0.12 0.30 

2.91 0.13 0.30 

2.79 0.12 0.38 

2.74 0.12 0.41 

3.08 0.13 0.20 

2.95 0.13 0.38 

2.71 0.12 0.31 

2.34 0.11 0.16 

2.67 0.12 0.29 

2.66 0.12 0.27 

2.62 0.12 0.24 

2.69 0.12 0.20 

2.73 0.12 0.32 


0.05 0.21 0.06 

0.06 0.48 0.07 

0.06 0.49 0.07 

0.06 0.41 0.07 

0.06 0.57 0.08 

0.06 0.43 0.07 

0.06 0.47 0.07 

0.06 0.53 0.07 

0.06 0.50 0.07 

0.06 0.59 0.08 

0.06 0.48 0.07 

0.06 0.45 0.07 

0.06 0.53 0.07 

0.05 0.26 0.06 

0.06 0.62 0.08 

0.06 0.49 0.07 

0.05 0.74 0.08 

0.05 0.47 0.07 

0.06 0.83 0.09 

0.06 0.38 0.06 

0.06 0.61 0.08 

0.06 0.79 0.09 

0.06 0.49 0.07 

0.06 0.52 0.07 

0.06 0.50 0.07 

0.06 0.49 0.07 

0.06 0.61 0.08 

0.06 0.62 0.08 

0.07 1.66 0.13 

0.06 0.81 0.09 

0.05 0.33 0.06 

0.06 0.55 0.07 

0.06 0.64 0.08 

0.06 0.72 0.08 

0.06 0.55 0.07 

0.05 0.43 0.07 

0.05 0.14 0.05 

0.06 0.45 0.07 

0.06 0.44 0.07 

0.06 0.42 0.07 

0.06 0.48 0.07 

0.06 0.43 0.07 

0.06 0.46 0.07 

0.05 0.39 0.07 

0.06 0.45 0.07 

0.05 0.46 0.07 

0.05 0.56 0.07 

0.06 0.47 0.07 

0.06 0.45 0.07 

0.06 0.47 0.07 

0.06 0.47 0.07 

0.06 0.45 0.07 

0.06 0.42 0.07 

0.05 0.48 0.07 

0.06 0.52 0.07 

0.06 0.46 0.07 

0.05 0.29 0.06 

0.06 0.48 0.07 

0.05 0.54 0.07 

0.05 0.52 0.07 

0.05 0.48 0.07 

0.06 0.52 0.07 
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FLD9 75.30 

FLD9 74.03 

FLD9 72.01 

FLD9 71.28 

FLD9 70.34 

FLD9 71.14 

FLD9 83.38 

FLD9 67.08 

FLD9 69.69 

FLD9 67.38 

FLD9 72.93 

FLD9 69.69 

FLD9 70.66 

FLD9 70.36 

FLD9 70.18 

FLD9 70.53 

FLD9 71.75 

FLD9 72.07 

FLD9 71.74 

FLD9 77.77 

FLD9 69.95 

FLD9 70.93 

FLD9 69.14 

FLD9 71.87 

FLD9 74.36 

FLD9 73.95 

FLD9 72.82 

FLD9 76.29 

FLD9 74.89 

FLD9 75.43 

FLD9 74.13 

FLD9 78.69 

FLD9 77.15 

FLD9 74.70 

FLD9 73.47 

FLD9 75.57 

FLD9 75.26 

FLD9 73.97 

FLD9 74.37 

FLD9 75.47 

FLD9 73.90 

FLD9 74.35 

FLD9 74.05 

FLD9 76.99 

FLD9 74.96 

FLD9 72.92 

FLD9 76.36 

FLD9 74.56 

FLD9 76.60 

FLD9 79.09 

FLD9 74.87 

FLD9 76.28 

FLD9 72.08 

FLD9 74.50 

FLD9 75.29 

FLD9 75.18 

FLD9 73.22 

FLD9 75.95 

FLD9 75.66 

FLD9 75.31 

FLD9 75.16 

FLD9 75.72 


3.18 13.58 0.68 

3.13 12.73 0.64 

3.04 13.62 0.68 

3.01 12.42 0.63 

2.97 13.02 0.65 

3.01 12.74 0.64 

3.51 6.89 0.37 

2.84 14.23 0.71 

2.95 13.12 0.66 

2.85 15.75 0.78 

3.08 12.65 0.64 

2.95 13.14 0.66 

2.99 12.69 0.64 

2.97 13.26 0.66 

2.97 13.45 0.67 

2.98 12.33 0.62 

3.03 11.36 0.58 

3.05 12.33 0.62 

3.03 12.23 0.62 

3.28 9.58 0.49 

2.96 12.75 0.64 

3.00 12.47 0.63 

2.92 13.21 0.66 

3.04 15.07 0.75 

3.14 13.65 0.68 

3.12 12.26 0.62 

3.08 14.56 0.72 

3.22 13.90 0.69 

3.16 13.49 0.67 

3.18 13.29 0.67 

3.13 13.38 0.67 

3.32 11.95 0.60 

3.26 12.62 0.63 

3.15 13.99 0.70 

3.10 13.01 0.65 

3.19 13.47 0.67 

3.18 13.48 0.67 

3.12 13.33 0.67 

3.14 13.95 0.70 

3.19 12.63 0.64 

3.12 14.22 0.71 

3.14 13.23 0.66 

3.13 14.14 0.71 

3.25 13.82 0.69 

3.16 13.64 0.68 

3.08 14.94 0.74 

3.22 13.87 0.69 

3.15 13.60 0.68 

3.23 12.31 0.62 

3.34 12.64 0.64 

3.16 14.01 0.70 

3.22 13.55 0.68 

3.05 15.77 0.78 

3.15 13.82 0.69 

3.18 13.42 0.67 

3.17 13.78 0.69 

3.09 12.86 0.65 

3.21 14.29 0.71 

3.19 13.67 0.68 

3.18 13.32 0.67 

3.17 13.96 0.70 

3.20 13.33 0.67 


3.35 0.25 4.26 

3.28 0.24 4.06 

3.47 0.25 3.96 

2.83 0.21 3.35 

3.31 0.24 3.97 

3.13 0.23 3.65 

1.80 0.15 2.37 

3.35 0.25 4.01 

3.51 0.25 4.42 

3.61 0.26 4.17 

3.16 0.23 3.96 

3.32 0.24 3.89 

3.16 0.23 3.72 

3.33 0.24 3.79 

3.41 0.25 4.16 

3.25 0.24 3.77 

3.08 0.23 3.77 

3.16 0.23 3.90 

3.13 0.23 3.72 

2.64 0.20 3.53 

3.35 0.25 4.36 

3.37 0.25 4.26 

3.50 0.25 4.19 

3.54 0.26 4.15 

3.55 0.26 4.01 

3.38 0.25 4.13 

2.94 0.22 3.27 

3.00 0.22 3.38 

3.04 0.23 3.47 

3.30 0.24 3.67 

3.21 0.24 3.45 

3.26 0.24 3.81 

3.43 0.25 4.05 

3.11 0.23 3.57 

3.12 0.23 3.73 

3.07 0.23 3.59 

2.75 0.21 3.35 

2.97 0.22 3.42 

3.44 0.25 4.17 

3.31 0.24 4.06 

3.68 0.27 4.20 

3.35 0.24 3.87 

2.57 0.20 3.26 

2.47 0.19 3.07 

2.76 0.21 3.32 

3.52 0.26 3.99 

3.44 0.25 4.02 

3.47 0.25 3.96 

2.97 0.22 3.64 

2.20 0.17 2.93 

2.30 0.18 3.05 

3.03 0.22 3.89 

3.57 0.26 4.10 

3.03 0.22 3.72 

2.74 0.21 3.33 

3.21 0.24 4.06 

2.97 0.22 3.72 

3.09 0.23 3.84 

3.16 0.23 3.75 

3.09 0.23 3.71 

3.04 0.23 3.78 

2.81 0.21 3.55 


0.16 1.95 0.10 

0.16 1.91 0.10 

0.15 3.35 0.14 

0.14 2.98 0.13 

0.15 2.11 0.10 

0.15 2.71 0.12 

0.11 0.99 0.07 

0.16 2.88 0.13 

0.17 1.96 0.10 

0.16 2.02 0.10 

0.15 1.72 0.09 

0.15 2.43 0.11 

0.15 2.39 0.11 

0.15 2.64 0.12 

0.16 1.73 0.09 

0.15 2.54 0.12 

0.15 2.60 0.12 

0.15 2.28 0.11 

0.15 2.59 0.12 

0.14 1.56 0.09 

0.17 2.29 0.11 

0.16 1.56 0.09 

0.16 2.11 0.10 

0.16 2.53 0.11 

0.16 2.55 0.12 

0.16 2.39 0.11 

0.13 3.02 0.13 

0.14 2.81 0.12 

0.14 2.69 0.12 

0.15 2.70 0.12 

0.14 2.84 0.12 

0.15 2.16 0.10 

0.16 2.05 0.10 

0.14 2.96 0.13 

0.15 3.34 0.14 

0.14 2.75 0.12 

0.14 3.01 0.13 

0.14 3.15 0.13 

0.16 1.97 0.10 

0.16 2.14 0.10 

0.16 2.49 041 

0.15 2.39 0.11 

0.13 2.94 0.13 

0.13 2.95 0.13 

0.13 3.03 0.13 

0.16 2.79 0.12 

0.16 2.14 0.10 

0.15 3.15 0.13 

0.14 2.55 0.12 

0.12 2.04 0.10 

0.13 2.33 0.11 

0.15 2.11 0.10 

0.16 2.45 0.11 

0.15 2.65 0.12 

0.14 2.54 0.12 

0.16 1.96 0.10 

0.15 3.11 0.13 

0.15 2.11 0.10 

0.15 2.48 0.11 

0.15 2.69 0.12 

0.15 2.52 0.11 

0.14 2.99 0.13 


2.67 0.12 0.29 

3.35 0.14 0.43 

3.94 0.16 0.51 

2.67 0.12 0.31 

2.85 0.13 0.24 

2.59 0.12 0.30 

1.85 0.09 0.13 

3.57 0.15 0.40 

3.10 0.13 0.35 

3.09 0.13 0.47 

2.85 0.13 0.41 

3.01 0.13 0.32 

2.69 0.12 0.35 

3.02 0.13 0.35 

2.74 0.12 0.42 

2.95 0.13 0.27 

2.88 0.13 0.35 

2.92 0.13 0.28 

3.01 0.13 0.27 

2.27 0.11 0.20 

2.88 0.13 0.35 

3.16 0.14 0.41 

3.10 0.13 0.41 

3.06 0.13 0.47 

2.68 0.12 0.35 

2.80 0.12 0.55 

2.63 0.12 0.32 

2.75 0.12 0.32 

2.67 0.12 0.33 

2.75 0.12 0.30 

2.61 0.12 0.31 

2.21 0.11 0.31 

2.66 0.12 0.27 

2.75 0.12 0.36 

2.65 0.12 0.35 

2.64 0.12 0.28 

2.71 0.12 0.32 

2.57 0.12 0.32 

2.91 0.13 0.36 

2.59 0.12 0.27 

2.94 0.13 0.43 

2.55 0.12 0.24 

2.72 0.12 0.39 

2.88 0.13 0.29 

2.65 0.12 0.38 

2.92 0.13 0.42 

2.80 0.12 0.32 

2.51 0.12 0.34 

2.47 0.11 0.26 

2.69 0.12 0.26 

2.77 0.12 0.38 

2.77 0.12 0.38 

2.48 0.11 0.28 

2.65 0.12 0.30 

2.74 0.12 0.31 

2.74 0.12 0.37 

2.68 0.12 0.33 

2.85 0.13 0.35 

2.87 0.13 0.30 

2.71 0.12 0.30 

2.85 0.13 0.40 

2.73 0.12 0.33 


0.06 0.68 0.08 

0.06 0.72 0.08 

0.06 1.19 0.11 

0.06 0.41 0.07 

0.05 0.52 0.07 

0.06 0.41 0.07 

0.05 0.33 0.06 

0.06 0.66 0.08 

0.06 0.51 0.07 

0.06 0.64 0.08 

0.06 0.50 0.07 

0.06 0.53 0.07 

0.06 0.40 0.07 

0.06 0.51 0.07 

0.06 0.55 0.07 

0.05 0.56 0.07 

0.06 0.50 0.07 

0.05 0.63 0.08 

0.05 0.59 0.08 

0.05 0.38 0.06 

0.06 0.57 0.07 

0.06 0.50 0.07 

0.06 0.54 0.07 

0.06 0.76 0.08 

0.06 0.66 0.08 

0.06 0.63 0.08 

0.06 0.49 0.07 

0.06 0.59 0.08 

0.06 0.54 0.07 

0.06 0.59 0.08 

0.06 0.53 0.07 

0.06 0.49 0.07 

0.05 0.55 0.07 

0.06 0.54 0.07 

0.06 0.54 0.07 

0.06 0.51 0.07 

0.06 0.58 0.08 

0.06 0.54 0.07 

0.06 0.68 0.08 

0.05 0.59 0.08 

0.06 0.59 0.08 

0.05 0.57 0.07 

0.06 0.54 0.07 

0.06 0.57 0.07 

0.06 0.47 0.07 

0.06 0.79 0.09 

0.06 0.61 0.08 

0.06 0.56 0.07 

0.05 0.53 0.07 

0.05 0.46 0.07 

0.06 0.50 0.07 

0.06 0.57 0.08 

0.05 0.51 0.07 

0.06 0.53 0.07 

0.06 0.47 0.07 

0.06 0.62 0.08 

0.06 0.53 0.07 

0.06 0.59 0.08 

0.06 0.65 0.08 

0.06 0.61 0.08 

0.06 0.61 0.08 

0.06 0.58 0.08 
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FLD9 

77.75 

3.28 

13.16 

0.66 

2.89 

0.22 

3.43 0.1 

2.83 

0.12 

2.91 

0.13 

0.27 

0.05 

0.65 0.08 

FLD9 

77.18 

3.26 

13.53 

0.68 

2.86 

0.21 

3.50 0.1 

2.84 

0.12 

2.71 

0.12 

0.30 

0.06 

0.49 0.07 

FLD9 

75.37 

3.18 

13.23 

0.66 

2.98 

0.22 

3.55 0.1 

2.53 

0.11 

2.81 

0.12 

0.26 

0.05 

0.50 0.07 

FLD3.1 

75.00 

3.17 

13.79 

0.69 

2.60 

0.20 

3.70 0.1 

1.43 

0.08 

2.76 

0.12 

0.31 

0.06 

0.47 0.07 

FLD3.1 

77.88 

3.29 

14.23 

0.71 

2.74 

0.21 

3.59 0.1 

1.42 

0.08 

2.72 

0.12 

0.34 

0.06 

0.50 0.07 

FLD3.1 

76.13 

3.21 

13.85 

0.69 

2.59 

0.20 

3.68 0.1 

1.03 

0.07 

2.94 

0.13 

0.45 

0.06 

0.41 0.07 

FLD3.1 

71.50 

3.02 

14.88 

0.74 

3.62 

0.26 

4.69 0.1 

1.51 

0.08 

2.56 

0.12 

0.27 

0.05 

0.59 0.08 

FLD3.1 

73.79 

3.12 

14.22 

0.71 

3.07 

0.23 

3.87 0.1 

2.08 

0.10 

2.84 

0.13 

0.39 

0.06 

0.66 0.08 

FLD3.1 

73.24 

3.09 

15.48 

0.77 

3.07 

0.23 

4.02 0.1 

1.73 

0.09 

2.71 

0.12 

0.44 

0.06 

0.62 0.08 

FLD3.1 

75.59 

3.19 

11.95 

0.60 

2.64 

0.20 

4.27 0.1 

0.99 

0.07 

2.93 

0.13 

0.23 

0.05 

0.26 0.06 

FLD3.1 

74.24 

3.14 

13.67 

0.68 

2.77 

0.21 

3.88 0.1 

1.95 

0.10 

2.86 

0.13 

0.34 

0.06 

0.56 0.07 

FLD3.1 

72.59 

3.07 

14.79 

0.74 

3.20 

0.24 

4.07 0.1 

2.33 

0.11 

2.78 

0.12 

0.37 

0.06 

0.83 0.09 

FLD3.1 

74.51 

3.15 

14.45 

0.72 

2.82 

0.21 

3.68 0.1 

1.64 

0.09 

3.26 

0.14 

0.42 

0.06 

0.61 0.08 

FLD3.1 

76.53 

3.23 

13.33 

0.67 

2.64 

0.20 

4.01 0.1 

1.17 

0.07 

2.69 

0.12 

0.26 

0.05 

0.33 0.06 

FLD3.1 

74.62 

3.15 

13.93 

0.70 

2.73 

0.21 

3.83 0.1 

1.87 

0.09 

2.84 

0.13 

0.36 

0.06 

0.58 0.08 

FLD3.1 

72.67 

3.07 

13.69 

0.68 

2.90 

0.22 

3.93 0.1 

1.89 

0.10 

3.13 

0.13 

0.38 

0.06 

0.58 0.08 

FLD3.1 

73.69 

3.11 

14.16 

0.71 

2.80 

0.21 

3.80 0.1 

1.49 

0.08 

3.62 

0.15 

0.47 

0.06 

1.73 0.14 

FLD3.1 

79.84 

3.37 

11.55 

0.58 

2.47 

0.19 

3.82 0.1 

1.11 

0.07 

2.01 

0.10 

0.31 

0.06 

0.33 0.06 

FLD3.1 

70.95 

3.00 

14.20 

0.71 

2.84 

0.21 

4.17 0.1 

1.97 

0.10 

3.75 

0.15 

0.44 

0.06 

0.47 0.07 

FLD3.1 

73.25 

3.09 

15.10 

0.75 

2.38 

0.18 

3.46 0.1 

1.60 

0.09 

2.75 

0.12 

0.51 

0.06 

0.91 0.09 

FLD3.1 

76.01 

3.21 

14.54 

0.72 

2.72 

0.21 

3.93 0.1 

1.07 

0.07 

2.75 

0.12 

0.31 

0.06 

0.46 0.07 

FLD3.1 

77.55 

3.27 

13.71 

0.69 

2.69 

0.20 

3.91 0.1 

1.23 

0.08 

2.76 

0.12 

0.28 

0.05 

0.41 0.07 

FLD3.1 

75.53 

3.19 

14.18 

0.71 

2.62 

0.20 

3.83 0.1 

1.75 

0.09 

2.44 

0.11 

0.35 

0.06 

0.46 0.07 

FLD3.1 

72.23 

3.05 

13.90 

0.69 

2.99 

0.22 

4.00 0.1 

2.50 

0.11 

2.85 

0.13 

0.32 

0.06 

0.62 0.08 

FLD3.1 

77.65 

3.28 

12.57 

0.63 

2.54 

0.19 

3.95 0.1 

1.91 

0.10 

2.68 

0.12 

0.27 

0.05 

0.50 0.07 

FLD3.1 

77.08 

3.25 

14.43 

0.72 

2.48 

0.19 

3.68 0.1 

1.52 

0.08 

2.67 

0.12 

0.37 

0.06 

0.76 0.08 

FLD3.1 

77.46 

3.27 

13.10 

0.66 

2.56 

0.20 

3.83 0.1 

1.43 

0.08 

2.46 

0.11 

0.26 

0.05 

0.36 0.06 

FLD3.1 

76.93 

3.25 

13.41 

0.67 

2.57 

0.20 

3.84 0.1 

1.22 

0.08 

2.97 

0.13 

0.32 

0.06 

0.48 0.07 

FLD3.1 

77.56 

3.27 

13.92 

0.69 

2.36 

0.18 

3.73 0.1 

1.60 

0.09 

2.81 

0.12 

0.34 

0.06 

0.48 0.07 

FLD3.1 

77.30 

3.26 

13.35 

0.67 

2.33 

0.18 

3.69 0.1! 

1.70 

0.09 

2.80 

0.12 

0.35 

0.06 

0.57 0.07 

FLD3.1 

77.21 

3.26 

14.11 

0.70 

2.30 

0.18 

3.39 0.1- 

1.77 

0.09 

2.60 

0.12 

0.29 

0.06 

0.43 0.07 

FLD3.1 

73.96 

3.12 

15.01 

0.75 

2.64 

0.20 

3.65 0.1! 

2.12 

0.10 

2.86 

0.13 

0.40 

0.06 

0.62 0.08 

FLD3.1 

73.87 

3.12 

14.56 

0.72 

2.59 

0.20 

3.72 0.1! 

2.22 

0.11 

3.01 

0.13 

0.42 

0.06 

0.69 0.08 

FLD3.1 

63.50 

2.69 

20.35 

0.99 

2.98 

0.22 

3.55 0.1- 

4 2.73 

0.12 

2.97 

0.13 

0.40 

0.06 

0.59 0.08 

FLD3.1 

71.38 

3.02 

15.45 

0.77 

2.60 

0.20 

3.54 0.1- 

4 1.94 

0.10 

3.02 

0.13 

0.45 

0.06 

0.61 0.08 

FLD3.1 

71.11 

3.01 

15.78 

0.78 

3.13 

0.23 

3.85 0.1! 

5 1.68 

0.09 

2.77 

0.12 

0.36 

0.06 

0.55 0.07 

FLD3.1 

74.66 

3.15 

14.12 

0.70 

2.69 

0.20 

3.96 0.1! 

5 1.67 

0.09 

2.75 

0.12 

0.30 

0.06 

0.34 0.06 

FLD3.1 

75.34 

3.18 

14.27 

0.71 

2.44 

0.19 

3.79 0.1! 

5 1.97 

0.10 

3.05 

0.13 

0.40 

0.06 

0.54 0.07 

FLD3.1 

76.47 

3.23 

14.28 

0.71 

2.38 

0.19 

3.70 0.1! 

5 1.66 

0.09 

2.72 

0.12 

0.35 

0.06 

0.57 0.07 

FLD3.1 

76.97 

3.25 

13.80 

0.69 

2.57 

0.20 

3.56 0.1- 

4 1.34 

0.08 

2.85 

0.13 

0.33 

0.06 

0.66 0.08 

FLD3.1 

73.40 

3.10 

14.86 

0.74 

2.68 

0.20 

3.91 0.1! 

5 2.05 

0.10 

2.83 

0.13 

0.44 

0.06 

0.61 0.08 

FLD3.1 

79.46 

3.35 

12.15 

0.61 

2.30 

0.18 

3.64 0.1- 

4 1.58 

0.09 

2.44 

0.11 

0.23 

0.05 

0.46 0.07 

FLD3.1 

73.53 

3.11 

14.16 

0.71 

2.55 

0.20 

3.61 0.1- 

4 2.26 

0.11 

2.90 

0.13 

0.39 

0.06 

0.60 0.08 

FLD3.1 

75.63 

3.19 

13.97 

0.70 

2.75 

0.21 

3.64 0.1- 

4 1.83 

0.09 

2.42 

0.11 

0.28 

0.06 

0.55 0.07 

FLD3.1 

74.91 

3.16 

14.39 

0.72 

2.46 

0.19 

3.98 O.ll 

S 1.32 

0.08 

2.88 

0.13 

0.37 

0.06 

0.60 0.08 

FLD3.1 

81.49 

3.44 

11.85 

0.60 

2.14 

0.17 

3.36 0.1- 

4 0.91 

0.07 

1.87 

0.10 

0.24 

0.05 

0.30 0.06 

FLD3.1 

75.74 

3.20 

14.03 

0.70 

2.63 

0.20 

3.91 0.1! 

5 1.24 

0.08 

2.79 

0.12 

0.32 

0.06 

0.56 0.07 

FLD3.1 

72.38 

3.06 

15.19 

0.75 

2.79 

0.21 

4.04 O.ll 

5 1.77 

0.09 

2.84 

0.13 

0.30 

0.06 

0.62 0.08 

FLD3.1 

75.19 

3.17 

14.74 

0.73 

2.19 

0.17 

3.30 0.1 

3 1.89 

0.10 

2.82 

0.12 

0.35 

0.06 

0.59 0.08 

FLD3.1 

75.51 

3.19 

14.09 

0.70 

2.26 

0.18 

3.42 0.1 

4 1.74 

0.09 

2.70 

0.12 

0.30 

0.06 

0.53 0.07 

FLD3.1 

72.20 

3.05 

14.41 

0.72 

2.72 

0.21 

3.96 0.1 

5 2.20 

0.10 

3.06 

0.13 

0.37 

0.06 

0.55 0.07 

FLD3.1 

74.75 

3.16 

14.71 

0.73 

2.55 

0.20 

3.87 0.1 

5 2.02 

0.10 

2.71 

0.12 

0.36 

0.06 

0.50 0.07 

FLD3.1 

72.23 

3.05 

15.13 

0.75 

2.62 

0.20 

3.92 0.1 

5 1.98 

0.10 

3.31 

0.14 

0.45 

0.06 

0.69 0.08 

FLD3.1 

75.94 

3.21 

14.80 

0.74 

2.36 

0.18 

3.36 0.1 

4 2.07 

0.10 

2.77 

0.12 

0.29 

0.06 

0.52 0.07 

FLD3.1 

76.48 

3.23 

14.57 

0.73 

2.39 

0.19 

3.65 0.1 

5 1.46 

0.08 

2.95 

0.13 

0.32 

0.06 

0.58 0.08 

FLD3.1 

75.26 

3.18 

12.66 

0.64 

2.57 

0.20 

3.92 0.1 

5 1.63 

0.09 

2.14 

0.10 

0.27 

0.05 

0.37 0.06 

FLD3.1 

72.28 

3.05 

15.35 

0.76 

2.45 

0.19 

3.68 0.1 

5 1.65 

0.09 

3.19 

0.14 

0.44 

0.06 

0.61 0.08 

FLD3.1 

74.15 

3.13 

15.05 

0.75 

2.52 

0.19 

3.83 0.1 

5 1.72 

0.09 

2.87 

0.13 

0.37 

0.06 

0.54 0.07 

FLD3.1 

78.12 

3.30 

13.06 

0.66 

2.49 

0.19 

3.42 0.1 

4 2.68 

0.12 

2.55 

0.12 

0.29 

0.06 

0.49 0.07 

FLD3.1 

73.75 

3.12 

14.19 

0.71 

2.60 

0.20 

3.43 0.1 

4 2.31 

0.11 

2.71 

0.12 

0.28 

0.06 

0.52 0.07 

FLD3.1 

80.32 

3.39 

13.44 

0.67 

2.02 

0.16 

3.33 0.1 

4 0.95 

0.07 

2.70 

0.12 

0.35 

0.06 

0.38 0.07 

FLD3.1 

68.93 

2.92 

18.12 

0.89 

2.48 

0.19 

3.46 0.1 

4 4.03 

0.16 

2.55 

0.12 

0.36 

0.06 

0.49 0.07 
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FLD3.1 75.45 
FLD3.1 73.84 
FLD3.1 76.77 
FLD3.1 72.78 
FLD3.1 73.72 
FLD3.1 73.00 
FLD3.1 74.40 
FLD3.1 75.28 
FLD3.1 74.70 
FLD3.1 73.30 
FLD3.1 72.90 
FLD3.2 71.27 
FLD3.2 62.65 
FLD3.2 66.24 
FLD3.2 68.75 
FLD3.2 67.04 
FLD3.2 71.67 
FLD3.2 64.95 
FLD3.2 72.45 
FLD3.2 70.74 
FLD3.2 73.25 
FLD3.2 66.68 
FLD3.2 71.55 
FLD3.2 72.49 
FLD3.2 72.25 
FLD3.2 90.74 
FLD3.2 69.13 
FLD3.2 69.19 
FLD3.2 67.49 
FLD3.2 81.21 
FLD3.2 75.07 
FLD3.2 76.04 
FLD3.2 69.17 
FLD3.2 69.63 
FLD3.2 66.63 
FLD3.2 69.20 
FLD3.2 70.36 
FLD3.2 60.39 
FLD3.2 102.39 
FLD3.2 71.44 
FLD3.2 67.18 
FLD3.2 75.87 
FLD3.2 67.08 
FLD3.2 68.54 
FLD3.3 74.86 
FLD3.3 76.16 
FLD3.3 75.06 
FLD3.3 73.76 
FLD3.3 73.84 
FLD3.3 76.82 
FLD3.3 75.98 
FLD3.3 72.92 
FLD3.3 74.88 
FLD3.3 75.68 
FLD3.3 77.27 
FLD3.3 75.43 
FLD3.3 76.17 
FLD3.3 73.15 
FLD3.3 74.37 
FLD3.3 72.91 
FLD3.3 76.02 
FLD3.3 75.17 


3.19 13.36 0.67 

3.12 13.63 0.68 

3.24 13.72 0.69 

3.07 15.15 0.75 

3.11 15.41 0.76 

3.08 14.58 0.73 

3.14 15.38 0.76 

3.18 14.28 0.71 

3.15 15.08 0.75 

3.10 14.61 0.73 

3.08 15.19 0.75 

3.01 17.59 0.86 

2.66 17.95 0.88 

2.80 22.20 1.08 

2.91 20.01 0.98 

2.84 20.18 0.98 

3.03 16.59 0.82 

2.75 17.37 0.85 

3.06 16.22 0.80 

2.99 17.92 0.88 

3.09 16.82 0.83 

2.82 19.31 0.94 

3.02 16.13 0.80 

3.06 18.52 0.91 

3.05 19.12 0.94 

3.82 3.51 0.21 

2.92 19.87 0.97 

2.93 20.04 0.98 

2.86 19.61 0.96 

3.42 13.97 0.70 

3.17 15.53 0.77 

3.21 14.02 0.70 

2.93 18.61 0.91 

2.94 18.66 0.91 

2.82 21.71 1.06 

2.93 18.64 0.91 

2.97 19.17 0.94 

2.56 15.60 0.77 

4.30 1.27 0.11 

3.02 16.43 0.81 

2.84 20.63 1.01 

3.20 15.01 0.75 

2.84 21.64 1.05 

2.90 16.53 0.82 

3.16 13.70 0.68 

3.21 13.54 0.68 

3.17 14.00 0.70 

3.12 14.27 0.71 

3.12 13.75 0.69 

3.24 13.25 0.66 

3.21 13.40 0.67 

3.08 14.63 0.73 

3.16 13.54 0.68 

3.19 13.05 0.65 

3.26 14.39 0.72 

3.18 13.86 0.69 

3.22 13.74 0.69 

3.09 15.11 0.75 

3.14 14.49 0.72 

3.08 13.33 0.67 

3.21 13.85 0.69 

3.17 14.47 0.72 


2.34 0.18 3.47 

2.82 0.21 3.98 

2.16 0.17 3.39 

2.84 0.21 4.01 

2.45 0.19 3.66 

2.45 0.19 3.66 

3.17 0.23 4.12 

2.36 0.18 3.91 

2.56 0.20 3.91 

2.71 0.21 4.05 

2.77 0.21 3.68 

2.43 0.19 3.18 

3.35 0.24 4.76 

3.51 0.25 4.43 

2.53 0.19 3.28 

4.12 0.29 5.08 

2.70 0.20 3.38 

4.30 0.30 5.82 

2.88 0.22 3.92 

2.80 0.21 3.74 

2.28 0.18 3.23 

2.61 0.20 3.61 

2.72 0.21 3.81 

2.54 0.19 3.48 

1.96 0.16 2.66 

0.63 0.08 1.20 
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2.80 0.21 3.39 

2.26 0.18 2.94 

1.87 0.15 2.63 

4.09 0.29 5.28 

4.39 0.31 4.97 

2.46 0.19 3.46 

2.79 0.21 3.45 

2.57 0.20 3.17 

2.36 0.18 3.14 

2.97 0.22 4.23 

3.21 0.24 5.48 

0.03 0.04 0.03 

2.48 0.19 4.29 

2.05 0.16 3.31 

3.59 0.26 5.53 

1.91 0.16 2.75 

3.51 0.25 5.47 

2.53 0.19 3.68 

2.49 0.19 3.56 

2.56 0.20 3.73 

2.62 0.20 3.56 

2.72 0.21 3.57 

2.59 0.20 3.80 

2.45 0.19 3.80 

2.61 0.20 3.97 

2.46 0.19 3.66 

2.46 0.19 3.71 

2.51 0.19 3.66 

2.62 0.20 3.69 

2.58 0.20 3.91 

2.91 0.22 3.91 

2.55 0.20 3.76 

2.37 0.18 3.73 

2.69 0.20 3.56 

2.52 0.19 3.77 


0.14 2.64 0.12 

0.16 2.76 0.12 

0.14 1.84 0.09 

0.16 2.27 0.11 

0.15 1.66 0.09 

0.15 1.01 0.07 

0.16 2.18 0.10 

0.15 0.80 0.06 

0.15 1.11 0.07 

0.16 1.08 0.07 

0.15 1.36 0.08 

0.13 1.06 0.07 

0.18 0.88 0.06 

0.17 0.90 0.07 

0.13 1.34 0.08 

0.19 0.59 0.06 

0.14 0.87 0.06 

0.21 0.34 0.05 

0.15 0.67 0.06 

0.15 0.95 0.07 

0.13 1.00 0.07 

0.14 1.15 0.07 

0.15 0.93 0.07 

0.14 0.97 0.07 

0.11 1.33 0.08 

0.07 0.03 0.04 

0.14 1.19 0.07 

0.14 1.19 0.07 

0.12 1.34 0.08 

0.11 0.79 0.06 

0.19 0.13 0.04 

0.19 0.38 0.05 

0.14 1.09 0.07 

0.14 1.10 0.07 

0.13 1.52 0.08 

0.13 1.18 0.07 

0.16 0.92 0.07 

0.20 0.76 0.06 

0.03 0.03 0.04 

0.16 0.62 0.06 

0.13 1.38 0.08 
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0.12 1.64 0.09 
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0.15 1.92 0.10 

0.14 2.19 0.10 

0.15 1.80 0.09 

0.14 2.58 0.12 

0.14 2.60 0.12 

0.15 1.26 0.08 

0.15 1.32 0.08 

0.15 1.69 0.09 

0.15 1.68 0.09 

0.15 1.81 0.09 

0.15 1.94 0.10 

0.15 2.18 0.10 

0.15 1.22 0.08 

0.15 1.53 0.08 

0.15 1.85 0.09 

0.15 2.23 0.11 

0.14 2.33 0.11 

0.15 1.99 0.10 


2.51 0.12 0.24 
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2.92 0.13 0.42 

3.05 0.13 0.41 

3.14 0.13 0.46 

3.09 0.13 0.42 

2.39 0.11 0.35 

2.75 0.12 0.36 

2.80 0.12 0.34 

2.83 0.12 0.29 

2.69 0.12 0.49 

3.32 0.14 0.42 

6.08 0.23 0.51 

2.96 0.13 0.34 

3.11 0.13 0.44 

3.20 0.14 0.21 

2.99 0.13 0.37 

6.80 0.25 0.89 

3.27 0.14 0.24 

3.31 0.14 0.40 

2.99 0.13 0.38 

3.45 0.14 0.46 

3.12 0.13 0.39 

3.20 0.14 0.36 

3.23 0.14 0.48 

1.17 0.07 0.03 

3.39 0.14 0.45 

3.50 0.15 0.45 

3.46 0.14 0.46 

2.60 0.12 0.34 

3.16 0.14 0.09 

1.58 0.09 0.03 

3.50 0.15 0.44 

3.46 0.14 0.39 

3.74 0.15 0.52 

3.88 0.16 0.49 

3.35 0.14 0.45 

11.15 0.38 0.17 

0.09 0.04 0.03 

3.20 0.14 0.39 

3.83 0.16 0.54 

1.69 0.09 0.08 

3.51 0.15 0.60 

3.49 0.15 0.31 

2.67 0.12 0.36 

2.54 0.12 0.29 

2.80 0.12 0.34 

2.70 0.12 0.31 

2.78 0.12 0.33 

2.72 0.12 0.27 

2.77 0.12 0.33 

3.09 0.13 0.37 

2.65 0.12 0.31 

2.67 0.12 0.32 

2.81 0.12 0.37 

2.71 0.12 0.33 

2.82 0.12 0.32 

3.03 0.13 0.46 

2.78 0.12 0.38 

2.68 0.12 0.30 

2.71 0.12 0.32 

2.99 0.13 0.35 


0.05 0.40 0.07 

0.06 0.47 0.07 

0.06 0.60 0.08 

0.06 0.63 0.08 

0.06 0.63 0.08 

0.06 0.43 0.07 

0.06 0.56 0.07 

0.06 0.48 0.07 

0.06 0.47 0.07 

0.06 0.42 0.07 

0.06 0.65 0.08 

0.06 0.49 0.07 

0.06 0.48 0.07 

0.06 0.85 0.09 

0.06 0.88 0.09 

0.05 0.30 0.06 

0.06 0.45 0.07 

0.07 0.25 0.06 

0.05 0.25 0.06 

0.06 0.48 0.07 

0.06 0.45 0.07 

0.06 0.51 0.07 

0.06 0.44 0.07 

0.06 0.48 0.07 

0.06 0.64 0.08 

0.05 0.06 0.05 

0.06 0.82 0.09 

0.06 0.57 0.07 

0.06 0.66 0.08 

0.06 0.37 0.06 

0.05 0.06 0.05 

0.05 0.19 0.06 

0.06 0.45 0.07 

0.06 0.48 0.07 

0.06 0.64 0.08 

0.06 0.53 0.07 

0.06 0.36 0.06 

0.05 0.38 0.06 

0.05 0.03 0.05 

0.06 0.31 0.06 

0.06 0.63 0.08 

0.05 0.03 0.05 

0.07 1.07 0.10 

0.06 0.08 0.05 

0.06 0.51 0.07 

0.06 0.41 0.07 

0.06 0.46 0.07 

0.06 0.46 0.07 

0.06 0.50 0.07 

0.05 0.41 0.07 

0.06 0.40 0.07 

0.06 0.55 0.07 

0.06 0.45 0.07 

0.06 0.41 0.07 

0.06 0.48 0.07 

0.06 0.47 0.07 

0.06 0.40 0.07 

0.06 0.64 0.08 

0.06 0.57 0.07 

0.06 0.47 0.07 

0.06 0.50 0.07 

0.06 0.49 0.07 

























APPENDIX B. 

FLD3.3 75.42 

EDS HOST ANALYSES 
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FLD4.1 

72.54 

3.06 

13.87 

0.69 

2.83 

0.21 

3.54 

0.1 

4 

2.25 

0.11 

2.89 

0. 

13 0. 

37 

0.06 

0.58 0.08 

FLD4.1 

73.96 

3.12 

13.36 

0.67 

2.73 

0.21 

3.49 

0.1 

4 

2.14 

0.10 

2.51 

0. 

12 0. 

31 

0.06 

0.57 0.07 

FLD4.1 

72.07 

3.05 

13.35 

0.67 

2.75 

0.21 

3.43 

0.1 

4 

2.56 

0.12 

2.62 

0. 

12 0. 

34 

0.06 

0.53 0.07 

FLD4.1 

72.74 

3.07 

13.30 

0.67 

2.67 

0.20 

3.48 

0.1 

4 

2.60 

0.12 

2.53 

0. 

12 0. 

33 

0.06 

0.56 0.07 

FLD4.1 

72.27 

3.05 

13.20 

0.66 

2.80 

0.21 

3.38 

0.1 

4 

2.48 

0.11 

2.66 

0. 

12 0. 

32 

0.06 

0.53 0.07 

FLD4.1 

71.00 

3.00 

13.22 

0.66 

2.87 

0.22 

3.55 

0.1 

4 

2.43 

0.11 

2.74 

0. 

12 0. 

50 

0.06 

0.53 0.07 

FLD4.1 

73.16 

3.09 

13.24 

0.66 

2.66 

0.20 

3.40 

0.1 

4 

2.58 

0.12 

2.59 

0. 

12 0. 

33 

0.06 

0.49 0.07 

FLD4.1 

73.77 

3.12 

13.39 

0.67 

2.73 

0.21 

3.49 

0.1 

4 

2.24 

0.11 

2.47 

0. 

11 0. 

26 

0.05 

0.42 0.07 

FLD4.1 

74.05 

3.13 

12.88 

0.65 

2.65 

0.20 

3.44 

0.1 

4 

2.32 

0.11 

2.54 

0. 

12 0. 

36 

0.06 

0.46 0.07 
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FLD 4.1 

73.46 

3.10 

13.75 

0.69 

2.72 

0.21 

3.52 

0.14 

2.29 

0.11 

2.61 

0.12 

0. 

35 

0.06 

0.55 0.07 

FLD 4.1 

72.71 

3.07 

14.31 

0.71 

2.75 

0.21 

3.41 

0.14 

2.42 

0.11 

2.57 

0.12 

0. 

35 

0.06 

0.57 0.07 

FLD 4.1 

74.12 

3.13 

13.05 

0.65 

2.81 

0.21 

3.52 

0.14 

2.58 

0.12 

2.53 

0.12 

0.29 

0.06 

0.48 0.07 

FLD 4.1 

72.24 

3.05 

13.18 

0.66 

2.71 

0.20 

3.44 

0.14 

2.37 

0.11 

2.67 

0.12 

0.29 

0.06 

0.54 0.07 

FLD 4.1 

73.12 

3.09 

12.99 

0.65 

2.75 

0.21 

3.38 

0.14 

2.46 

0.11 

2.65 

0.12 

0. 

35 

0.06 

0.50 0.07 

FLD 4.1 

74.25 

3.14 

14.21 

0.71 

2.75 

0.21 

3.41 

0.14 

2.30 

0.11 

2.76 

0.12 

0. 

36 

0.06 

0.61 0.08 

FLD 4.1 

73.57 

3.11 

12.87 

0.65 

2.65 

0.20 

3.53 

0.14 

2.30 

0.11 

2.55 

0.12 

0. 

31 

0.06 

0.47 0.07 

FLD 4.1 

73.47 

3.10 

13.20 

0.66 

2.60 

0.20 

3.40 

0.14 

2.55 

0.12 

2.59 

0.12 

0. 

32 

0.06 

0.48 0.07 

FLD 4.1 

72.53 

3.06 

13.33 

0.67 

2.56 

0.20 

3.44 

0.14 

2.33 

0.11 

2.57 

0.12 

0. 

32 

0.06 

0.52 0.07 

FLD 4.1 

73.84 

3.12 

13.23 

0.66 

2.76 

0.21 

3.60 

0.14 

2.30 

0.11 

2.64 

0.12 

0. 

30 

0.06 

0.48 0.07 

FLD 4.1 

73.65 

3.11 

14.25 

0.71 

2.86 

0.21 

3.39 

0.14 

2.39 

0.11 

2.60 

0.12 

0. 

35 

0.06 

0.55 0.07 

FLD 4.1 

72.19 

3.05 

13.22 

0.66 

2.66 

0.20 

3.45 

0.14 

2.59 

0.12 

2.66 

0.12 

0. 

34 

0.06 

0.53 0.07 

FLD 4.1 

72.30 

3.05 

12.73 

0.64 

2.71 

0.21 

3.46 

0.14 

2.52 

0.11 

2.51 

0.12 

0.26 

0.05 

0.50 0.07 

FLD 4.1 

72.60 

3.07 

13.42 

0.67 

2.65 

0.20 

3.50 

0.14 

2.52 

0.11 

2.68 

0.12 

0. 

30 

0.06 

0.50 0.07 

FLD 4.1 

73.44 

3.10 

13.39 

0.67 

2.59 

0.20 

3.49 

0.14 

2.28 

0.11 

2.66 

0.12 

0. 

34 

0.06 

0.54 0.07 

FLD 4.1 

74.54 

3.15 

13.75 

0.69 

2.74 

0.21 

3.60 

0.14 

2.17 

0.10 

2.44 

0.11 

0.22 

0.05 

0.38 0.06 

FLD 4.1 

73.44 

3.10 

13.50 

0.68 

2.66 

0.20 

3.51 

0.14 

2.12 

0.10 

2.72 

0.12 

0. 

32 

0.06 

0.51 0.07 

FLD 4.1 

72.98 

3.08 

13.26 

0.66 

2.61 

0.20 

3.43 

0.14 

2.43 

0.11 

2.63 

0.12 

0. 

33 

0.06 

0.45 0.07 

FLD 4.1 

72.33 

3.06 

13.18 

0.66 

2.57 

0.20 

3.43 

0.14 

2.44 

0.11 

2.60 

0.12 

0. 

32 

0.06 

0.51 0.07 

FLD 4.1 

71.03 

3.00 

14.37 

0.72 

2.74 

0.21 

3.57 

0.14 

2.45 

0.11 

2.70 

0.12 

0. 

37 

0.06 

0.60 0.08 

FLD 4.1 

71.71 

3.03 

13.62 

0.68 

2.74 

0.21 

3.50 

0.14 

2.53 

0.11 

2.71 

0.12 

0. 

33 

0.06 

0.56 0.07 

FLD 4.1 

73.74 

3.11 

13.47 

0.67 

2.78 

0.21 

3.47 

0.14 

2.35 

0.11 

2.41 

0.11 

0. 

33 

0.06 

0.52 0.07 

FLD 4.1 

71.87 

3.04 

13.33 

0.67 

2.86 

0.21 

3.51 

0.14 

2.40 

0.11 

2.53 

0.12 

0. 

36 

0.06 

0.52 0.07 

FLD 4.1 

73.47 

3.10 

13.61 

0.68 

2.66 

0.20 

3.49 

0.14 

2.45 

0.11 

2.67 

0.12 

0. 

31 

0.06 

0.50 0.07 

FLD 4.1 

74.72 

3.16 

13.76 

0.69 

2.56 

0.20 

3.47 

0.14 

2.36 

0.11 

2.65 

0.12 

0. 

31 

0.06 

0.49 0.07 

FLD 4.1 

73.50 

3.10 

13.29 

0.67 

2.62 

0.20 

3.44 

0.14 

2.39 

0.11 

2.65 

0.12 

0. 

32 

0.06 

0.49 0.07 

FLD 4.1 

74.12 

3.13 

12.91 

0.65 

2.49 

0.19 

3.39 

0.14 

2.50 

0.11 

2.54 

0.12 

0. 

32 

0.06 

0.49 0.07 

FLD 4.1 

75.41 

3.18 

13.28 

0.67 

2.65 

0.20 

3.31 

0.13 

2.39 

0.11 

2.58 

0.12 

0. 

32 

0.06 

0.51 0.07 

FLD 4.1 

72.79 

3.08 

13.59 

0.68 

2.72 

0.21 

3.57 

0.14 

2.40 

0.11 

2.48 

0.11 

0. 

31 

0.06 

0.55 0.07 

FLD 4.1 

73.62 

3.11 

13.66 

0.68 

2.77 

0.21 

3.55 

0.14 

2.41 

0.11 

2.64 

0.12 

0. 

29 

0.06 

0.57 0.07 

FLD 4.1 

71.98 

3.04 

13.69 

0.68 

2.73 

0.21 

3.61 

0.14 

2.31 

0.11 

2.73 

0.12 

0. 

33 

0.06 

0.54 0.07 

FLD 4.1 

73.17 

3.09 

13.09 

0.66 

2.62 

0.20 

3.43 

0.14 

2.60 

0.12 

2.47 

0.11 

0. 

28 

0.05 

0.46 0.07 

FLD 4.1 

73.51 

3.11 

12.99 

0.65 

2.68 

0.20 

3.41 

0.14 

2.51 

0.11 

2.56 

0.12 

0. 

34 

0.06 

0.54 0.07 

FLD 4.1 

73.31 

3.10 

13.43 

0.67 

2.44 

0.19 

3.46 

0.14 

2.52 

0.11 

2.66 

0.12 

0. 

34 

0.06 

0.49 0.07 

FLD 4.1 

72.88 

3.08 

14.10 

0.70 

2.77 

0.21 

3.58 

0.14 

2.63 

0.12 

2.55 

0.12 

0. 

34 

0.06 

0.60 0.08 

FLD 4.1 

75.50 

3.19 

13.48 

0.67 

2.60 

0.20 

3.34 

0.14 

2.95 

0.13 

2.51 

0.12 

0. 

31 

0.06 

0.54 0.07 

FLD 4.1 

73.88 

3.12 

13.70 

0.68 

2.68 

0.20 

3.42 

0.14 

2.66 

0.12 

2.57 

0.12 

0. 

35 

0.06 

0.51 0.07 

FLD 4.1 

75.56 

3.19 

12.45 

0.63 

2.41 

0.19 

3.32 

0.13 

1.82 

0.09 

2.41 

0.11 

0. 

31 

0.06 

0.49 0.07 

FLD 4.1 

75.35 

3.18 

13.29 

0.67 

2.72 

0.21 

3.54 

0.14 

2.37 

0.11 

2.52 

0.12 

0. 

27 

0.05 

0.51 0.07 

FLD 4.1 

74.48 

3.15 

12.71 

0.64 

2.70 

0.20 

3.42 

0.14 

2.42 

0.11 

2.45 

0.11 

0. 

25 

0.05 

0.45 0.07 

FLD 4.1 

74.64 

3.15 

13.69 

0.68 

2.48 

0.19 

3.50 

0.14 

2.54 

0.12 

2.68 

0.12 

0. 

37 

0.06 

0.54 0.07 

FLD 4.1 

73.67 

3.11 

14.26 

0.71 

2.78 

0.21 

3.51 

0.14 

2.53 

0.11 

2.72 

0.12 

0. 

33 

0.06 

0.55 0.07 

FLD 4.1 

74.07 

3.13 

13.56 

0.68 

2.64 

0.20 

3.51 

0.14 

2.44 

0.11 

2.74 

0.12 

0. 

32 

0.06 

0.55 0.07 

FLD 4.1 

76.24 

3.22 

12.35 

0.62 

2.66 

0.20 

3.41 

0.14 

2.63 

0.12 

2.49 

0.11 

0. 

23 

0.05 

0.49 0.07 

FLD 4.1 

74.16 

3.13 

13.32 

0.67 

2.61 

0.20 

3.31 

0.13 

2.15 

0.10 

2.36 

0.11 

0. 

31 

0.06 

0.52 0.07 

FLD 4.1 

88.13 

3.71 

7.59 

0.40 

1.82 

0.15 

2.45 

0.11 

1.22 

0.08 

1.57 

0.09 

0. 

18 

0.05 

0.28 0.06 

FLD 4.1 

74.98 

3.17 

13.23 

0.66 

2.70 

0.20 

3.45 

0.14 

2.52 

0.11 

2.60 

0.12 

0. 

33 

0.06 

0.56 0.07 

FLD 4.1 

71.18 

3.01 

13.69 

0.68 

2.64 

0.20 

3.46 

0.14 

2.58 

0.12 

2.64 

0.12 

0. 

36 

0.06 

0.59 0.08 

FLD 4.1 

72.50 

3.06 

13.52 

0.68 

2.51 

0.19 

3.51 

0.14 

2.71 

0.12 

2.66 

0.12 

0. 

34 

0.06 

0.55 0.07 

FLD 4.1 

74.49 

3.15 

14.06 

0.70 

2.62 

0.20 

3.46 

0.14 

2.56 

0.12 

2.56 

0.12 

0. 

31 

0.06 

0.56 0.07 

FLD 4.1 

74.22 

3.13 

13.59 

0.68 

2.68 

0.20 

3.44 

0.14 

2.48 

0.11 

2.53 

0.12 

06 

29 

0.06 

0.50 0.07 

FLD 4.2 

72.63 

3.07 

14.06 

0.70 

2.11 

0.17 

3.41 

0.14 

1.97 

0.10 

2.61 

0.12 

o.; 

32 

0.06 

0.44 0.07 

FLD 4.2 

71.93 

3.04 

14.21 

0.71 

2.44 

0.19 

3.52 

0.14 

1.82 

0.09 

2.66 

0.12 

o.; 

34 

0.06 

0.52 0.07 

FLD 4.2 

72.65 

3.07 

12.72 

0.64 

2.24 

0.18 

3.47 

0.14 

1.73 

0.09 

2.49 

0.11 

o.; 

33 

0.06 

0.42 0.07 

FLD 4.2 

69.64 

2.94 

15.39 

0.76 

2.52 

0.19 

3.47 

0.14 

1.93 

0.10 

2.66 

0.12 

o.; 

31 

0.06 

0.45 0.07 

FLD 4.2 

71.42 

3.02 

15.23 

0.76 

2.51 

0.19 

3.33 

0.14 

1.87 

0.09 

2.49 

0.11 

0.29 

0.06 

0.47 0.07 

FLD 4.2 

70.98 

3.00 

14.67 

0.73 

2.15 

0.17 

3.25 

0.13 

1.97 

0.10 

2.94 

0.13 

0.40 

0.06 

0.69 0.08 

FLD 4.2 

73.87 

3.12 

13.46 

0.67 

2.26 

0.18 

3.36 

0.14 

1.61 

0.09 

2.59 

0.12 

0. 

30 

0.06 

0.46 0.07 

FLD 4.2 

70.48 

2.98 

14.75 

0.73 

2.36 

0.18 

3.49 

0.14 

1.75 

0.09 

2.50 

0.11 

0. 

32 

0.06 

0.40 0.07 

FLD 4.2 

73.90 

3.12 

13.17 

0.66 

2.14 

0.17 

3.42 

0.14 

1.35 

0.08 

2.17 

0.10 

0.24 

0.05 

0.39 0.07 

FLD 4.2 

80.87 

3.41 

11.02 

0.56 

1.98 

0.16 

3.06 

0.13 

1.15 

0.07 

1.86 

0.10 

0. 

22 

0.05 

0.30 0.06 

FLD 4.2 

70.59 

2.98 

15.45 

0.77 

2.48 

0.19 

3.51 

0.14 

1.85 

0.09 

2.45 

0.11 

0. 

31 

0.06 

0.45 0.07 
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FLD4.2 71.05 
FLD4.2 73.88 
FLD4.2 81.71 
FLD4.2 68.14 
FLD4.2 71.53 
FLD4.2 69.63 
FLD4.2 79.94 
FLD4.2 69.93 
FLD4.2 81.49 
FLD4.2 71.80 
FLD4.2 84.28 
FLD4.2 71.00 
FLD4.2 81.20 
FLD4.2 71.31 
FLD4.2 73.33 
FLD4.2 75.31 
FLD4.2 80.46 
FLD4.2 70.38 
FLD4.2 77.80 
FLD4.2 74.10 
FLD4.2 70.97 
FLD4.2 71.40 
FLD4.2 73.99 
FLD4.2 70.01 
FLD4.2 74.14 
FLD4.2 75.17 
FLD4.2 70.58 
FLD4.2 71.08 
FLD4.2 75.02 
FLD4.2 77.71 
FLD4.2 75.90 
FLD4.2 73.80 
FLD4.2 70.02 
FLD4.2 70.00 
FLD4.2 70.75 
FLD4.2 75.33 
FLD4.2 73.19 
FLD4.2 71.24 
FLD4.3 70.14 
FLD4.3 71.63 
FLD4.3 68.82 
FLD4.3 74.38 
FLD4.3 71.46 
FLD4.3 61.60 
FLD4.3 70.24 
FLD4.3 71.78 
FLD4.3 71.37 
FLD4.3 72.68 
FLD4.3 72.73 
FLD4.3 71.88 
FLD4.3 71.69 
FLD4.3 73.02 
FLD4.3 65.72 
FLD4.3 70.65 
FLD4.3 72.87 
FLD4.3 72.64 
FLD4.3 71.00 
FLD4.3 68.65 
FLD4.3 71.68 
FLD4.3 70.17 
FLD4.3 72.46 
FLD4.3 71.89 


3.00 15.61 0.77 

3.12 13.31 0.67 

3.44 9.42 0.49 

2.88 17.17 0.85 

3.02 15.84 0.78 

2.94 15.31 0.76 

3.37 12.91 0.65 

2.96 15.38 0.76 

3.44 9.01 0.47 

3.03 15.47 0.77 

3.55 8.05 0.42 

3.00 14.53 0.72 

3.42 12.87 0.65 

3.01 14.65 0.73 

3.10 15.71 0.78 

3.18 13.36 0.67 

3.39 11.39 0.58 

2.98 15.84 0.78 

3.28 12.22 0.62 

3.13 14.65 0.73 

3.00 15.76 0.78 

3.02 15.81 0.78 

3.13 14.55 0.72 

2.96 17.09 0.84 

3.13 13.90 0.69 

3.17 13.59 0.68 

2.98 16.09 0.80 

3.00 15.63 0.77 

3.17 13.66 0.68 

3.28 11.89 0.60 

3.20 13.87 0.69 

3.12 14.39 0.72 

2.96 15.88 0.79 

2.96 16.30 0.81 

2.99 16.49 0.81 

3.18 14.27 0.71 

3.09 13.90 0.69 

3.01 16.13 0.80 

2.97 12.94 0.65 

3.03 13.14 0.66 

2.91 13.92 0.69 

3.14 12.64 0.64 

3.02 14.15 0.71 

2.61 20.64 1.01 

2.97 14.07 0.70 

3.03 14.14 0.70 

3.02 13.88 0.69 

3.07 12.60 0.63 

3.07 14.48 0.72 

3.04 14.05 0.70 

3.03 13.45 0.67 

3.08 12.58 0.63 

2.78 18.60 0.91 

2.99 14.71 0.73 

3.08 14.34 0.71 

3.07 13.78 0.69 

3.00 14.81 0.74 

2.90 16.26 0.80 

3.03 15.02 0.75 

2.97 13.93 0.70 

3.06 13.93 0.70 

3.04 14.61 0.73 


2.49 0.19 3.43 

2.23 0.18 3.45 

1.72 0.14 2.80 

2.54 0.19 3.58 

2.57 0.20 3.67 

2.40 0.19 3.42 

2.09 0.17 3.48 

2.40 0.19 3.44 

1.71 0.14 3.10 

2.49 0.19 3.54 

1.50 0.13 2.91 

2.49 0.19 3.72 

2.18 0.17 3.36 

2.25 0.18 3.62 

2.31 0.18 3.36 

2.26 0.18 3.50 

2.07 0.17 3.05 

2.39 0.19 3.34 

2.06 0.17 3.35 

2.28 0.18 3.46 

2.39 0.19 3.53 

2.47 0.19 3.46 

2.47 0.19 3.65 

2.51 0.19 3.37 

2.13 0.17 3.37 

2.16 0.17 3.32 

2.36 0.18 3.39 

2.36 0.18 3.44 

2.09 0.17 3.40 

1.87 0.15 3.26 

2.23 0.18 3.59 

2.25 0.18 3.59 

2.36 0.18 3.50 

2.38 0.18 3.49 

2.38 0.19 3.27 

2.14 0.17 3.36 

2.20 0.17 3.34 

2.43 0.19 3.23 

3.32 0.24 4.30 

3.45 0.25 4.24 

3.74 0.27 4.41 

2.85 0.21 3.58 

3.66 0.26 4.12 

3.34 0.24 3.29 

3.30 0.24 4.00 

3.39 0.25 4.06 

3.80 0.27 4.00 

1.64 0.14 4.12 

3.36 0.25 3.90 

3.23 0.24 4.13 

3.31 0.24 3.89 

3.35 0.24 3.82 

4.24 0.30 4.24 

1.74 0.15 4.09 

3.18 0.23 4.05 

3.05 0.23 4.02 

3.26 0.24 3.92 

3.38 0.25 4.01 

3.41 0.25 3.98 

3.55 0.26 4.11 

3.26 0.24 3.94 

3.68 0.27 4.19 


0.14 1.93 0.10 

0.14 1.66 0.09 

0.12 1.03 0.07 

0.14 2.11 0.10 

0.15 1.71 0.09 

0.14 2.16 0.10 

0.14 1.10 0.07 

0.14 1.88 0.10 

0.13 0.69 0.06 

0.14 1.82 0.09 

0.12 0.86 0.06 

0.15 1.31 0.08 

0.14 1.22 0.08 

0.14 1.54 0.08 

0.14 1.73 0.09 

0.14 1.32 0.08 

0.13 1.05 0.07 

0.14 2.12 0.10 

0.14 1.84 0.09 

0.14 1.69 0.09 

0.14 2.00 0.10 

0.14 1.71 0.09 

0.15 1.23 0.08 

0.14 2.11 0.10 

0.14 2.03 0.10 

0.13 1.80 0.09 

0.14 2.08 0.10 

0.14 1.83 0.09 

0.14 1.54 0.08 

0.13 1.33 0.08 

0.14 1.44 0.08 

0.14 1.53 0.08 

0.14 1.85 0.09 

0.14 2.09 0.10 

0.13 2.26 0.11 

0.14 1.59 0.09 

0.14 1.87 0.09 

0.13 2.15 0.10 

0.17 1.75 0.09 

0.16 1.45 0.08 

0.17 1.92 0.10 

0.14 2.66 0.12 

0.16 2.05 0.10 

0.13 4.19 0.16 

0.16 1.82 0.09 

0.16 1.96 0.10 

0.16 0.92 0.07 

0.16 1.10 0.07 

0.15 1.67 0.09 

0.16 2.09 0.10 

0.15 1.16 0.07 

0.15 1.31 0.08 

0.16 3.41 0.14 

0.16 1.89 0.10 

0.16 1.90 0.10 

0.16 1.78 0.09 

0.15 2.02 0.10 

0.16 2.51 0.11 

0.16 1.41 0.08 

0.16 1.74 0.09 

0.15 1.65 0.09 

0.16 1.58 0.09 


2.58 0.12 0.31 

2.56 0.12 0.28 

1.95 0.10 0.21 

2.55 0.12 0.32 

2.52 0.12 0.31 

2.61 0.12 0.36 

2.11 0.10 0.22 

2.60 0.12 0.36 

1.75 0.09 0.18 

2.54 0.12 0.29 

1.58 0.09 0.15 

2.42 0.11 0.28 

2.12 0.10 0.21 

2.52 0.12 0.34 

2.46 0.11 0.32 

2.44 0.11 0.31 

1.82 0.09 0.20 

2.70 0.12 0.35 

2.46 0.11 0.25 

2.64 0.12 0.34 

2.61 0.12 0.33 

2.42 0.11 0.28 

2.38 0.11 0.26 

2.59 0.12 0.31 

2.61 0.12 0.29 

2.48 0.11 0.31 

2.82 0.12 0.32 

2.66 0.12 0.27 

2.37 0.11 0.27 

2.46 0.11 0.28 

2.37 0.11 0.30 

2.34 0.11 0.29 

2.56 0.12 0.31 

2.74 0.12 0.34 

2.51 0.12 0.32 

2.64 0.12 0.37 

2.64 0.12 0.32 

2.61 0.12 0.29 

3.00 0.13 0.37 

2.92 0.13 0.29 

3.38 0.14 0.43 

3.07 0.13 0.40 

3.28 0.14 0.43 

3.68 0.15 0.47 

3.21 0.14 0.40 

3.10 0.13 0.35 

3.24 0.14 0.34 

3.16 0.14 0.35 

2.95 0.13 0.34 

2.86 0.13 0.34 

2.79 0.12 0.33 

3.29 0.14 0.25 

2.94 0.13 0.32 

3.43 0.14 0.60 

3.19 0.14 0.39 

2.91 0.13 0.29 

3.02 0.13 0.43 

3.00 0.13 0.41 

3.34 0.14 0.49 

3.50 0.15 0.32 

3.07 0.13 0.37 

2.90 0.13 0.42 


0.06 0.48 0.07 

0.05 0.45 0.07 

0.05 0.29 0.06 

0.06 0.44 0.07 

0.06 0.46 0.07 

0.06 0.48 0.07 

0.05 0.37 0.06 

0.06 0.46 0.07 

0.05 0.19 0.05 

0.06 0.42 0.07 

0.05 0.18 0.05 

0.05 0.33 0.06 

0.05 0.35 0.06 

0.06 0.39 0.07 

0.06 0.44 0.07 

0.06 0.40 0.07 

0.05 0.24 0.06 

0.06 0.51 0.07 

0.05 0.34 0.06 

0.06 0.47 0.07 

0.06 0.48 0.07 

0.06 0.39 0.07 

0.05 0.59 0.08 

0.06 0.51 0.07 

0.06 0.48 0.07 

0.06 0.53 0.07 

0.06 0.51 0.07 

0.05 0.41 0.07 

0.05 0.38 0.06 

0.06 0.38 0.07 

0.06 0.41 0.07 

0.06 0.40 0.07 

0.06 0.39 0.07 

0.06 0.49 0.07 

0.06 0.46 0.07 

0.06 0.50 0.07 

0.06 0.43 0.07 

0.06 0.46 0.07 

0.06 0.53 0.07 

0.06 0.92 0.09 

0.06 1.19 0.11 

0.06 0.96 0.10 

0.06 0.95 0.09 

0.06 1.05 0.10 

0.06 0.96 0.10 

0.06 0.84 0.09 

0.06 0.69 0.08 

0.06 0.43 0.07 

0.06 0.89 0.09 

0.06 0.92 0.09 

0.06 0.71 0.08 

0.05 0.70 0.08 

0.06 1.14 0.10 

0.07 0.97 0.10 

0.06 0.86 0.09 

0.06 0.64 0.08 

0.06 0.86 0.09 

0.06 0.96 0.10 

0.06 0.87 0.09 

0.06 0.84 0.09 

0.06 0.94 0.09 

0.06 1.06 0.10 
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FLD4.3 77.05 
FLD4.3 72.24 
FLD4.3 73.74 
FLD4.3 72.28 
FLD4.3 72.14 
FLD4.3 78.97 
FLD4.3 71.79 
FLD4.3 70.29 
FLD4.3 72.56 
FLD4.3 70.74 
FLD4.3 72.14 
FLD4.3 71.99 
FLD4.3 72.51 
FLD4.3 69.75 
FLD4.3 72.59 
FLD4.3 71.02 
FLD4.3 73.38 
FLD4.3 69.20 
FLD4.3 73.98 
FLD4.3 75.47 
FLD4.3 70.60 
FLD4.3 70.38 
FLD4.3 70.35 
FLD4.3 71.68 
FLD4.3 71.69 
FLD4.3 72.33 
FLD4.3 72.33 
FLD4.3 72.50 
FLD4.3 71.92 
FLD4.3 72.11 
FLD4.3 73.58 
FLD4.4 71.22 
FLD4.4 71.37 
FLD4.4 74.91 
FLD4.4 74.28 
FLD4.4 76.01 
FLD4.4 72.21 
FLD4.4 73.62 
FLD4.4 75.07 
FLD4.4 74.29 
FLD4.4 72.94 
FLD4.4 73.46 
FLD4.4 75.42 
FLD4.4 76.35 
FLD4.4 72.22 
FLD4.4 72.94 
FLD4.4 72.19 
FLD4.4 80.51 
FLD4.4 73.82 
FLD4.4 70.26 
FLD4.4 68.04 
FLD4.4 72.97 
FLD4.4 74.58 
FLD4.4 73.46 
FLD4.4 74.05 
FLD4.4 75.12 
FLD4.4 75.42 
FLD4.4 77.26 
FLD4.4 84.76 
FLD4.4 67.93 
FLD4.4 76.40 
FLD4.4 71.56 


3.25 11.50 0.58 

3.05 13.57 0.68 

3.11 12.76 0.64 

3.05 14.53 0.72 

3.05 15.05 0.75 

3.33 10.15 0.52 

3.03 14.29 0.71 

2.97 14.75 0.73 

3.07 13.28 0.67 

2.99 14.96 0.74 

3.05 15.07 0.75 

3.04 14.58 0.73 

3.06 13.40 0.67 

2.95 13.99 0.70 

3.07 13.65 0.68 

3.00 14.15 0.71 

3.10 12.68 0.64 

2.93 15.22 0.75 

3.12 11.03 0.56 

3.19 12.40 0.62 

2.98 15.03 0.75 

2.98 14.52 0.72 

2.97 13.63 0.68 

3.03 14.55 0.72 

3.03 13.31 0.67 

3.06 12.85 0.65 

3.06 14.24 0.71 

3.06 14.06 0.70 

3.04 13.96 0.70 

3.05 15.44 0.76 

3.11 14.45 0.72 

3.01 15.97 0.79 

3.02 15.90 0.79 

3.16 12.57 0.63 

3.14 13.86 0.69 

3.21 12.30 0.62 

3.05 14.10 0.70 

3.11 13.70 0.68 

3.17 12.41 0.62 

3.14 13.41 0.67 

3.08 14.19 0.71 

3.10 14.82 0.74 

3.18 14.69 0.73 

3.22 12.07 0.61 

3.05 14.36 0.72 

3.08 13.88 0.69 

3.05 14.01 0.70 

3.40 9.56 0.49 

3.12 13.73 0.69 

2.97 16.87 0.83 

2.88 16.85 0.83 

3.08 12.68 0.64 

3.15 13.89 0.69 

3.10 13.27 0.66 

3.13 13.66 0.68 

3.17 11.08 0.56 

3.18 13.92 0.69 

3.26 11.82 0.60 

3.57 8.03 0.42 

2.87 19.94 0.97 

3.22 13.09 0.66 

3.02 15.90 0.79 


2.74 0.21 3.69 

2.84 0.21 3.58 

3.04 0.23 3.95 

3.32 0.24 3.99 

3.48 0.25 3.90 

2.90 0.22 3.60 

3.14 0.23 3.92 

3.79 0.27 4.18 

3.02 0.22 3.97 

3.62 0.26 4.31 

3.28 0.24 3.94 

3.31 0.24 3.98 

3.45 0.25 4.05 

3.08 0.23 3.94 

3.06 0.23 3.85 

3.34 0.24 4.11 

3.04 0.23 3.84 

3.34 0.24 4.04 

2.82 0.21 3.90 

3.55 0.26 4.20 

3.32 0.24 4.01 

3.28 0.24 4.15 

3.06 0.23 3.90 

3.31 0.24 4.14 

3.47 0.25 4.18 

3.27 0.24 4.03 

2.24 0.18 4.10 

1.91 0.16 4.22 

3.45 0.25 4.25 

3.73 0.27 4.13 

3.33 0.24 4.08 

2.38 0.18 2.98 

2.31 0.18 2.82 

2.38 0.18 3.13 

2.51 0.19 3.34 

2.48 0.19 3.37 

2.62 0.20 3.51 

2.51 0.19 3.33 

2.37 0.18 3.32 

2.43 0.19 3.16 

2.46 0.19 3.28 

2.57 0.20 3.32 

2.78 0.21 3.46 

2.46 0.19 3.38 

2.60 0.20 3.31 

2.58 0.20 3.37 

2.58 0.20 3.44 

2.11 0.17 3.05 

2.68 0.20 3.44 

2.52 0.19 3.27 

3.21 0.24 3.56 

2.70 0.20 3.61 

2.75 0.21 3.57 

2.65 0.20 3.49 

2.70 0.20 3.47 

2.20 0.17 3.22 

2.66 0.20 3.27 

2.35 0.18 3.18 

1.86 0.15 2.76 

2.62 0.20 2.97 

2.74 0.21 3.53 

3.05 0.23 3.63 


0.15 1.11 0.07 

0.14 2.11 0.10 

0.15 1.53 0.08 

0.16 1.88 0.10 

0.15 1.47 0.08 

0.14 0.59 0.06 

0.15 1.40 0.08 

0.16 2.26 0.11 

0.16 1.80 0.09 

0.17 1.74 0.09 

0.15 1.97 0.10 

0.16 1.95 0.10 

0.16 0.91 0.07 

0.15 1.53 0.08 

0.15 1.08 0.07 

0.16 1.83 0.09 

0.15 1.81 0.09 

0.16 1.43 0.08 

0.15 0.78 0.06 

0.16 0.38 0.05 

0.16 1.63 0.09 

0.16 1.74 0.09 

0.15 1.92 0.10 

0.16 1.56 0.09 

0.16 1.16 0.07 

0.16 0.86 0.06 

0.16 1.55 0.09 

0.16 1.70 0.09 

0.16 1.94 0.10 

0.16 2.06 0.10 

0.16 1.45 0.08 

0.12 2.32 0.11 

0.12 2.08 0.10 

0.13 1.93 0.10 

0.14 1.89 0.10 

0.14 2.63 0.12 

0.14 2.44 0.11 

0.14 2.14 0.10 

0.14 1.71 0.09 

0.13 1.97 0.10 

0.13 2.21 0.11 

0.13 2.16 0.10 

0.14 2.16 0.10 

0.14 2.15 0.10 

0.13 2.31 0.11 

0.14 2.16 0.10 

0.14 2.17 0.10 

0.13 1.53 0.08 

0.14 2.20 0.10 

0.13 2.59 0.12 

0.14 2.27 0.11 

0.14 2.20 0.10 

0.14 2.71 0.12 

0.14 2.55 0.12 

0.14 2.21 0.11 

0.13 1.89 0.10 

0.13 2.31 0.11 

0.13 1.87 0.09 

0.12 1.10 0.07 

0.12 3.26 0.14 

0.14 1.57 0.09 

0.14 2.98 0.13 


2.89 0.13 0.32 

3.00 0.13 0.32 

2.96 0.13 0.34 

2.99 0.13 0.31 

3.29 0.14 0.38 

2.16 0.10 0.30 

3.01 0.13 0.39 

3.17 0.14 0.42 

2.69 0.12 0.32 

3.17 0.14 0.44 

3.38 0.14 0.48 

3.31 0.14 0.48 

3.14 0.13 0.32 

3.55 0.15 0.43 

2.81 0.12 0.32 

2.94 0.13 0.41 

3.01 0.13 0.37 

3.50 0.15 0.58 

3.28 0.14 0.23 

2.82 0.12 0.15 

3.69 0.15 0.49 

2.82 0.12 0.42 

3.18 0.14 0.36 

2.88 0.13 0.35 

3.04 0.13 0.43 

3.06 0.13 0.27 

2.92 0.13 0.34 

2.95 0.13 0.41 

3.58 0.15 0.44 

3.38 0.14 0.35 

3.18 0.14 0.49 

2.86 0.13 0.48 

2.89 0.13 0.38 

2.85 0.13 0.33 

2.78 0.12 0.31 

2.81 0.12 0.32 

2.90 0.13 0.41 

2.98 0.13 0.32 

2.98 0.13 0.35 

2.98 0.13 0.35 

3.20 0.14 0.39 

3.30 0.14 0.43 

2.88 0.13 0.33 

2.61 0.12 0.37 

3.27 0.14 0.43 

3.03 0.13 0.39 

3.02 0.13 0.41 

2.47 0.11 0.26 

2.90 0.13 0.35 

3.27 0.14 0.41 

3.08 0.13 0.39 

3.13 0.13 0.31 

2.87 0.13 0.48 

2.86 0.13 0.40 

2.92 0.13 0.40 

2.47 0.11 0.25 

2.85 0.13 0.39 

2.69 0.12 0.27 

2.37 0.11 0.21 

3.31 0.14 0.41 

2.32 0.11 0.26 

3.08 0.13 0.34 


0.06 0.53 0.07 

0.06 0.69 0.08 

0.06 0.63 0.08 

0.06 0.88 0.09 

0.06 1.01 0.10 

0.06 0.69 0.08 

0.06 0.93 0.09 

0.06 1.02 0.10 

0.06 0.78 0.09 

0.06 0.94 0.09 

0.06 0.98 0.10 

0.06 0.96 0.10 

0.06 0.69 0.08 

0.06 0.94 0.09 

0.06 0.77 0.09 

0.06 0.90 0.09 

0.06 0.53 0.07 

0.06 0.89 0.09 

0.05 0.21 0.06 

0.05 0.12 0.05 

0.06 1.01 0.10 

0.06 0.83 0.09 

0.06 0.93 0.09 

0.06 0.86 0.09 

0.06 0.53 0.07 

0.05 0.35 0.06 

0.06 0.83 0.09 

0.06 0.93 0.09 

0.06 0.94 0.09 

0.06 1.05 0.10 

0.06 1.08 0.10 

0.06 0.84 0.09 

0.06 0.86 0.09 

0.06 0.83 0.09 

0.06 0.87 0.09 

0.06 0.99 0.10 

0.06 0.96 0.10 

0.06 0.92 0.09 

0.06 0.82 0.09 

0.06 0.80 0.09 

0.06 1.03 0.10 

0.06 1.00 0.10 

0.06 0.91 0.09 

0.06 0.93 0.09 

0.06 0.98 0.10 

0.06 0.94 0.09 

0.06 0.91 0.09 

0.05 0.46 0.07 

0.06 0.95 0.09 

0.06 0.93 0.09 

0.06 0.59 0.08 

0.06 0.98 0.10 

0.06 1.10 0.10 

0.06 0.98 0.10 

0.06 1.01 0.10 

0.05 0.57 0.08 

0.06 0.97 0.10 

0.05 0.71 0.08 

0.05 0.34 0.06 

0.06 0.94 0.09 

0.05 0.38 0.06 

0.06 1.03 0.10 
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FLD4.4 

73.97 

3.12 

14.22 

0.71 

2.80 

0.21 

3.58 

0.14 

2.37 

0.11 

2.90 

0.13 

0.34 

0.06 

0.93 0.09 

FLD4.4 

74.14 

3.13 

13.36 

0.67 

2.61 

0.20 

3.43 

0.14 

2.09 

0.10 

3.14 

0.13 

0.40 

0.06 

0.95 0.09 

FLD4.4 

73.93 

3.12 

13.88 

0.69 

2.54 

0.19 

3.25 

0.13 

2.19 

0.10 

2.92 

0.13 

0.35 

0.06 

0.85 0.09 

FLD4.4 

72.46 

3.06 

12.98 

0.65 

2.59 

0.20 

3.34 

0.14 

1.81 

0.09 

2.90 

0.13 

0.26 

0.05 

0.49 0.07 

FLD4.4 

76.00 

3.21 

14.33 

0.71 

2.47 

0.19 

3.29 

0.13 

2.23 

0.11 

2.92 

0.13 

0.37 

0.06 

0.87 0.09 

FLD4.4 

73.96 

3.12 

13.21 

0.66 

2.43 

0.19 

3.30 

0.13 

2.10 

0.10 

2.93 

0.13 

0.35 

0.06 

0.54 0.07 

FLD4.4 

73.55 

3.11 

13.15 

0.66 

2.71 

0.21 

3.49 

0.14 

3.32 

0.14 

2.99 

0.13 

0.35 

0.06 

1.05 0.10 

FLD4.4 

69.35 

2.93 

13.54 

0.68 

2.98 

0.22 

3.61 

0.14 

1.93 

0.10 

3.22 

0.14 

0.40 

0.06 

0.96 0.10 

FLD4.4 

74.61 

3.15 

14.60 

0.73 

2.92 

0.22 

3.56 

0.14 

2.26 

0.11 

2.98 

0.13 

0.36 

0.06 

0.97 0.10 

FLD4.4 

72.44 

3.06 

13.75 

0.69 

2.67 

0.20 

3.47 

0.14 

2.16 

0.10 

3.14 

0.13 

0.42 

0.06 

0.98 0.10 

FLD4.4 

75.13 

3.17 

14.03 

0.70 

2.69 

0.20 

3.42 

0.14 

2.23 

0.11 

2.98 

0.13 

0.34 

0.06 

0.87 0.09 

FLD4.4 

86.01 

3.62 

6.44 

0.35 

1.48 

0.13 

2.02 

0.10 

0.68 

0.06 

2.09 

0.10 

0.09 

0.05 

0.27 0.06 

FLD4.4 

76.43 

3.23 

14.20 

0.71 

2.44 

0.19 

3.16 

0.13 

2.13 

0.10 

2.92 

0.13 

0.37 

0.06 

0.87 0.09 

FLD4.4 

74.72 

3.16 

13.99 

0.70 

2.55 

0.20 

3.26 

0.13 

2.39 

0.11 

2.95 

0.13 

0.34 

0.06 

0.65 0.08 

FLD4.4 

73.17 

3.09 

12.92 

0.65 

2.39 

0.19 

3.43 

0.14 

2.66 

0.12 

3.09 

0.13 

0.32 

0.06 

0.68 0.08 

FLD4.4 

73.33 

3.10 

13.55 

0.68 

2.66 

0.20 

3.51 

0.14 

2.75 

0.12 

3.03 

0.13 

0.36 

0.06 

0.67 0.08 

FLD4.4 

74.07 

3.13 

14.34 

0.71 

2.80 

0.21 

3.57 

0.14 

2.37 

0.11 

3.27 

0.14 

0.43 

0.06 

1.01 0.10 

FLD4.4 

74.65 

3.15 

12.08 

0.61 

2.48 

0.19 

3.57 

0.14 

1.87 

0.09 

2.73 

0.12 

0.29 

0.06 

0.61 0.08 

FLD4.4 

72.46 

3.06 

14.21 

0.71 

2.75 

0.21 

3.61 

0.14 

2.12 

0.10 

3.25 

0.14 

0.43 

0.06 

1.00 0.10 

FLD4.4 

70.98 

3.00 

14.99 

0.74 

2.69 

0.20 

3.34 

0.14 

2.15 

0.10 

3.07 

0.13 

0.41 

0.06 

0.60 0.08 

FLD4.4 

79.33 

3.35 

12.03 

0.61 

2.30 

0.18 

3.20 

0.13 

1.86 

0.09 

2.69 

0.12 

0.31 

0.06 

0.48 0.07 

FLD4.4 

74.67 

3.15 

13.59 

0.68 

2.59 

0.20 

3.44 

0.14 

2.48 

0.11 

3.10 

0.13 

0.33 

0.06 

0.69 0.08 

FLD4.4 

72.94 

3.08 

14.56 

0.72 

2.55 

0.20 

3.36 

0.14 

2.42 

0.11 

3.11 

0.13 

0.44 

0.06 

0.66 0.08 

FLD4.4 

75.20 

3.18 

14.47 

0.72 

2.60 

0.20 

3.34 

0.14 

2.45 

0.11 

3.26 

0.14 

0.38 

0.06 

1.02 0.10 

FLD4.4 

76.43 

3.23 

11.01 

0.56 

2.25 

0.18 

3.33 

0.14 

1.86 

0.09 

2.76 

0.12 

0.33 

0.06 

0.55 0.07 

FLD4.4 

90.80 

3.82 

6.41 

0.35 

1.44 

0.13 

1.86 

0.09 

0.62 

0.06 

1.59 

0.09 

0.16 

0.05 

0.31 0.06 

FLD4.4 

75.99 

3.21 

14.30 

0.71 

2.80 

0.21 

3.34 

0.14 

2.16 

0.10 

2.91 

0.13 

0.35 

0.06 

0.99 0.10 

FLD4.4 

73.18 

3.09 

14.35 

0.71 

2.54 

0.19 

3.37 

0.14 

2.23 

0.11 

3.15 

0.13 

0.46 

0.06 

0.64 0.08 

FLD4.4 

74.10 

3.13 

14.02 

0.70 

2.55 

0.20 

3.36 

0.14 

2.37 

0.11 

3.06 

0.13 

0.36 

0.06 

0.63 0.08 

FLD4.4 

70.97 

3.00 

13.04 

0.65 

2.52 

0.19 

3.50 

0.14 

2.23 

0.11 

3.31 

0.14 

0.39 

0.06 

0.62 0.08 

FLD5.1 

78.79 

3.32 

12.42 

0.63 

2.79 

0.21 

3.43 

0.14 

0.92 

0.07 

2.64 

0.12 

0.29 

0.06 

0.30 0.06 

FLD5.1 

72.04 

3.04 

12.62 

0.63 

2.97 

0.22 

3.63 

0.14 

1.63 

0.09 

2.79 

0.12 

0.30 

0.06 

0.51 0.07 

FLD5.1 

70.39 

2.98 

13.35 

0.67 

3.19 

0.23 

3.77 

0.15 

1.62 

0.09 

3.19 

0.14 

0.42 

0.06 

0.50 0.07 

FLD5.1 

73.40 

3.10 

11.47 

0.58 

2.85 

0.21 

3.43 

0.14 

1.56 

0.09 

2.84 

0.13 

0.37 

0.06 

0.49 0.07 

FLD5.1 

72.80 

3.08 

14.02 

0.70 

2.93 

0.22 

3.39 

0.14 

1.56 

0.09 

2.98 

0.13 

0.36 

0.06 

0.53 0.07 

FLD5.1 

71.24 

3.01 

14.01 

0.70 

2.76 

0.21 

3.25 

0.13 

1.61 

0.09 

2.95 

0.13 

0.34 

0.06 

0.55 0.07 

FLD5.1 

71.62 

3.03 

14.80 

0.74 

2.88 

0.22 

3.38 

0.14 

1.66 

0.09 

3.06 

0.13 

0.33 

0.06 

0.72 0.08 

FLD5.1 

77.11 

3.25 

11.27 

0.57 

2.55 

0.20 

3.16 

0.13 

1.21 

0.08 

2.53 

0.12 

0.32 

0.06 

0.42 0.07 

FLD5.1 

73.84 

3.12 

13.49 

0.67 

2.84 

0.21 

3.15 

0.13 

1.60 

0.09 

2.75 

0.12 

0.38 

0.06 

0.49 0.07 

FLD5.1 

102.97 

4.33 

0.41 

0.07 

0.15 

0.05 

0.03 

0.03 

0.08 

0.04 

0.09 

0.04 

0.08 

0.05 

0.11 0.05 

FLD5.1 

74.28 

3.14 

11.28 

0.57 

2.49 

0.19 

3.16 

0.13 

1.32 

0.08 

2.78 

0.12 

0.21 

0.05 

0.66 0.08 

FLD5.1 

75.31 

3.18 

11.21 

0.57 

2.57 

0.20 

3.24 

0.13 

1.33 

0.08 

2.83 

0.13 

0.34 

0.06 

0.46 0.07 

FLD5.1 

77.06 

3.25 

11.20 

0.57 

2.48 

0.19 

3.12 

0.13 

1.15 

0.07 

2.68 

0.12 

0.31 

0.06 

0.56 0.07 

FLD5.1 

66.79 

2.83 

16.64 

0.82 

3.08 

0.23 

3.34 

0.14 

2.25 

0.11 

3.01 

0.13 

0.38 

0.06 

0.64 0.08 

FLD5.1 

79.82 

3.37 

8.46 

0.44 

2.02 

0.16 

2.71 

0.12 

0.97 

0.07 

1.72 

0.09 

0.17 

0.05 

0.34 0.06 

FLD5.1 

70.93 

3.00 

13.35 

0.67 

2.88 

0.22 

3.44 

0.14 

1.41 

0.08 

3.06 

0.13 

0.41 

0.06 

0.56 0.07 

FLD5.1 

70.18 

2.97 

14.23 

0.71 

2.88 

0.22 

3.46 

0.14 

1.79 

0.09 

3.03 

0.13 

0.42 

0.06 

0.54 0.07 

FLD5.1 

72.29 

3.05 

14.28 

0.71 

2.99 

0.22 

3.37 

0.14 

1.60 

0.09 

2.93 

0.13 

0.33 

0.06 

0.51 0.07 

FLD5.1 

73.52 

3.11 

12.96 

0.65 

2.55 

0.20 

3.20 

0.13 

1.43 

0.08 

2.78 

0.12 

0.42 

0.06 

0.54 0.07 

FLD5.1 

72.37 

3.06 

14.15 

0.71 

2.88 

0.22 

3.48 

0.14 

1.65 

0.09 

2.97 

0.13 

0.39 

0.06 

0.58 0.08 

FLD5.1 

73.19 

3.09 

13.06 

0.66 

2.80 

0.21 

3.60 

0.14 

1.77 

0.09 

2.81 

0.12 

0.31 

0.06 

0.51 0.07 

FLD5.1 

73.95 

3.12 

12.12 

0.61 

2.64 

0.20 

3.47 

0.14 

1.61 

0.09 

2.88 

0.13 

0.33 

0.06 

0.52 0.07 

FLD5.1 

73.90 

3.12 

12.17 

0.61 

2.76 

0.21 

3.55 

0.14 

1.60 

0.09 

2.75 

0.12 

0.29 

0.06 

0.43 0.07 

FLD5.1 

67.74 

2.87 

16.50 

0.81 

3.12 

0.23 

3.65 

0.15 

2.31 

0.11 

3.36 

0.14 

0.41 

0.06 

0.73 0.08 

FLD5.1 

71.83 

3.04 

14.57 

0.73 

2.80 

0.21 

3.53 

0.14 

2.04 

0.10 

2.89 

0.13 

0.33 

0.06 

0.55 0.07 

FLD5.1 

73.97 

3.12 

13.83 

0.69 

3.13 

0.23 

3.90 

0.15 

1.16 

0.07 

2.32 

0.11 

0.36 

0.06 

0.40 0.07 

FLD5.1 

73.04 

3.09 

11.81 

0.60 

2.62 

0.20 

3.31 

0.13 

1.40 

0.08 

3.67 

0.15 

0.53 

0.06 

0.57 0.07 

FLD5.2 

72.62 

3.07 

12.14 

0.61 

3.52 

0.26 

3.72 

0.15 

2.65 

0.12 

3.43 

0.14 

0.35 

0.06 

0.67 0.08 

FLD5.2 

73.93 

3.12 

12.55 

0.63 

3.07 

0.23 

3.56 

0.14 

1.33 

0.08 

2.72 

0.12 

0.34 

0.06 

0.40 0.07 

FLD5.2 

70.71 

2.99 

15.11 

0.75 

3.55 

0.26 

3.73 

0.15 

1.51 

0.08 

3.00 

0.13 

0.37 

0.06 

0.64 0.08 

FLD5.2 

70.02 

2.96 

13.98 

0.70 

3.49 

0.25 

3.85 

0.15 

1.47 

0.08 

2.69 

0.12 

0.39 

0.06 

0.54 0.07 

FLD5.2 

74.86 

3.16 

12.30 

0.62 

2.82 

0.21 

3.25 

0.13 

1.96 

0.10 

2.65 

0.12 

0.28 

0.05 

0.46 0.07 
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FLD5.2 

73.94 

3.12 

13.00 

0.65 

3.12 

0.23 

3.60 0.14 

1.45 

0.08 

2.69 

0.12 

0.29 

0.06 

0.36 0.06 

FLD5.2 

76.42 

3.23 

11.50 

0.58 

2.78 

0.21 

3.80 0.15 

0.85 

0.06 

1.55 

0.09 

0.16 

0.05 

0.29 0.06 

FLD5.2 

69.73 

2.95 

14.26 

0.71 

3.38 

0.25 

4.03 0.16 

1.36 

0.08 

2.45 

0.11 

0.35 

0.06 

0.49 0.07 

FLD5.2 

68.84 

2.91 

14.84 

0.74 

3.40 

0.25 

3.69 0.15 

1.60 

0.09 

3.46 

0.14 

0.54 

0.06 

0.84 0.09 

FLD5.2 

71.73 

3.03 

13.41 

0.67 

3.07 

0.23 

3.82 0.15 

1.38 

0.08 

2.81 

0.12 

0.43 

0.06 

0.52 0.07 

FLD5.2 

73.79 

3.12 

13.76 

0.69 

3.13 

0.23 

3.62 0.14 

1.41 

0.08 

2.68 

0.12 

0.37 

0.06 

0.55 0.07 

FLD5.2 

70.49 

2.98 

13.71 

0.69 

3.17 

0.23 

3.80 0.15 

1.42 

0.08 

2.76 

0.12 

0.43 

0.06 

0.50 0.07 

FLD5.2 

71.84 

3.04 

13.34 

0.67 

3.22 

0.24 

3.93 0.15 

1.40 

0.08 

2.59 

0.12 

0.35 

0.06 

0.46 0.07 

FLD5.2 

71.84 

3.04 

13.17 

0.66 

3.36 

0.25 

3.73 0.15 

1.05 

0.07 

2.53 

0.12 

0.35 

0.06 

0.41 0.07 

FLD5.2 

72.38 

3.06 

13.74 

0.69 

3.29 

0.24 

3.58 0.14 

1.24 

0.08 

2.96 

0.13 

0.40 

0.06 

0.43 0.07 

FLD5.2 

71.35 

3.02 

13.08 

0.66 

3.10 

0.23 

3.83 0.15 

1.43 

0.08 

2.49 

0.11 

0.32 

0.06 

0.49 0.07 

FLD5.2 

69.54 

2.94 

13.92 

0.69 

3.20 

0.24 

3.82 0.15 

1.62 

0.09 

2.93 

0.13 

0.44 

0.06 

0.60 0.08 

FLD5.2 

72.13 

3.05 

13.47 

0.67 

3.28 

0.24 

3.84 0.15 

1.60 

0.09 

2.59 

0.12 

0.46 

0.06 

0.43 0.07 

FLD5.2 

72.44 

3.06 

12.94 

0.65 

3.08 

0.23 

3.78 0.15 

1.61 

0.09 

2.58 

0.12 

0.32 

0.06 

0.36 0.06 

FLD5.2 

87.44 

3.68 

6.08 

0.33 

1.33 

0.12 

2.43 0.11 

0.83 

0.06 

2.17 

0.10 

0.22 

0.05 

0.24 0.06 

FLD5.2 

73.13 

3.09 

14.34 

0.71 

3.17 

0.23 

3.58 0.14 

1.45 

0.08 

2.95 

0.13 

0.40 

0.06 

0.66 0.08 

FLD5.2 

67.80 

2.87 

15.24 

0.76 

3.36 

0.25 

3.75 0.15 

1.93 

0.10 

3.04 

0.13 

0.46 

0.06 

0.62 0.08 

FLD5.2 

73.59 

3.11 

12.43 

0.63 

3.05 

0.23 

3.72 0.15 

1.23 

0.08 

2.20 

0.11 

0.18 

0.05 

0.38 0.06 

FLD5.2 

70.72 

2.99 

14.73 

0.73 

3.23 

0.24 

3.81 0.15 

1.67 

0.09 

2.82 

0.12 

0.36 

0.06 

0.61 0.08 

FLD5.2 

71.91 

3.04 

14.56 

0.72 

3.29 

0.24 

L16 0.16 

1.07 

0.07 

1.68 

0.09 

0.18 

0.05 

0.25 0.06 

FLD5.2 

69.62 

2.94 

14.78 

0.73 

3.16 

0.23 

3.60 0.14 

1.66 

0.09 

3.14 

0.13 

0.40 

0.06 

0.66 0.08 

FLD5.2 

69.58 

2.94 

15.20 

0.75 

3.53 

0.26 

3.71 0.15 

1.70 

0.09 

3.06 

0.13 

0.50 

0.06 

0.73 0.08 

FLD5.2 

70.59 

2.98 

13.92 

0.69 

3.06 

0.23 

3.79 0.15 

1.58 

0.09 

2.85 

0.13 

0.38 

0.06 

0.58 0.08 

FLD5.2 

69.99 

2.96 

14.08 

0.70 

3.43 

0.25 

3.86 0.15 

1.47 

0.08 

2.49 

0.11 

0.40 

0.06 

0.47 0.07 

FLD5.2 

73.88 

3.12 

11.41 

0.58 

3.50 

0.25 

4.15 0.16 

1.93 

0.10 

2.52 

0.12 

0.22 

0.05 

0.38 0.07 

FLD5.2 

72.08 

3.05 

13.56 

0.68 

3.55 

0.26 

4.48 0.17 

1.13 

0.07 

1.95 

0.10 

0.22 

0.05 

0.37 0.06 

FLD5.2 

75.90 

3.20 

11.08 

0.56 

3.04 

0.23 

3.83 0.15 

1.53 

0.08 

2.36 

0.11 

0.24 

0.05 

0.36 0.06 

FLD5.2 

74.82 

3.16 

11.71 

0.59 

3.00 

0.22 

3.69 0.15 

0.97 

0.07 

2.48 

0.11 

0.39 

0.06 

0.52 0.07 

FLD5.2 

72.57 

3.07 

12.14 

0.61 

3.42 

0.25 

4.50 0.17 

1.18 

0.07 

2.82 

0.12 

0.43 

0.06 

0.44 0.07 

FLD5.2 

71.20 

3.01 

12.70 

0.64 

3.63 

0.26 

3.93 0.15 

1.42 

0.08 

2.74 

0.12 

0.38 

0.06 

0.40 0.07 

FLD5.2 

82.80 

3.49 

8.62 

0.45 

2.43 

0.19 

3.22 0.13 

0.45 

0.05 

1.22 

0.08 

0.14 

0.05 

0.24 0.06 

FLD5.3 

74.81 

3.16 

11.34 

0.58 

3.88 

0.28 

4.28 0.16 

0.27 

0.05 

2.77 

0.12 

0.20 

0.05 

0.11 0.05 

FLD5.3 

72.15 

3.05 

13.33 

0.67 

3.59 

0.26 

3.94 0.15 

2.13 

0.10 

2.80 

0.12 

0.33 

0.06 

0.53 0.07 

FLD5.3 

73.08 

3.09 

12.71 

0.64 

4.20 

0.30 

4.33 0.17 

0.08 

0.04 

3.15 

0.14 

0.19 

0.05 

0.25 0.06 

FLD5.3 

75.37 

3.18 

11.57 

0.59 

3.82 

0.27 

4.33 0.17 

0.39 

0.05 

2.65 

0.12 

0.14 

0.05 

0.16 0.05 

FLD5.3 

75.07 

3.17 

11.34 

0.58 

3.72 

0.27 

4.25 0.16 

0.30 

0.05 

2.81 

0.12 

0.15 

0.05 

0.05 0.05 

FLD5.3 

74.34 

3.14 

10.69 

0.55 

3.87 

0.28 

4.25 0.16 

0.74 

0.06 

2.61 

0.12 

0.19 

0.05 

0.11 0.05 

FLD5.3 

70.28 

2.97 

13.25 

0.66 

4.16 

0.30 

4.04 0.16 

1.82 

0.09 

2.97 

0.13 

0.34 

0.06 

0.44 0.07 

FLD5.3 

71.39 

3.02 

12.93 

0.65 

4.12 

0.29 

4.13 0.16 

1.53 

0.08 

2.58 

0.12 

0.35 

0.06 

0.38 0.07 

FLD5.3 

71.83 

3.04 

11.88 

0.60 

3.93 

0.28 

4.17 0.16 

0.98 

0.07 

3.01 

0.13 

0.32 

0.06 

0.24 0.06 

FLD5.3 

74.39 

3.14 

10.81 

0.55 

3.68 

0.27 

4.23 0.16 

0.21 

0.04 

2.49 

0.11 

0.12 

0.05 

0.16 0.05 

FLD5.3 

74.34 

3.14 

11.38 

0.58 

3.92 

0.28 

4.26 0.16 

0.09 

0.04 

2.87 

0.13 

0.22 

0.05 

0.09 0.05 

FLD5.3 

73.99 

3.13 

10.84 

0.55 

3.86 

0.28 

4.24 0.16 

0.09 

0.04 

2.80 

0.12 

0.19 

0.05 

0.22 0.06 

FLD5.3 

77.17 

3.26 

9.71 

0.50 

3.29 

0.24 

3.67 0.15 

1.12 

0.07 

2.72 

0.12 

0.15 

0.05 

0.24 0.06 

FLD5.3 

72.49 

3.06 

12.51 

0.63 

3.68 

0.27 

4.20 0.16 

2.12 

0.10 

2.84 

0.13 

0.39 

0.06 

0.53 0.07 

FLD5.3 

70.83 

2.99 

14.22 

0.71 

3.46 

0.25 

4.06 0.16 

1.01 

0.07 

2.39 

0.11 

0.39 

0.06 

0.52 0.07 

FLD5.3 

74.29 

3.14 

10.77 

0.55 

3.55 

0.26 

4.12 0.16 

0.76 

0.06 

2.83 

0.13 

0.18 

0.05 

0.20 0.06 

FLD5.3 

69.82 

2.95 

12.49 

0.63 

3.64 

0.26 

4.01 0.16 

2.89 

0.13 

2.53 

0.12 

0.35 

0.06 

0.47 0.07 

FLD5.3 

74.34 

3.14 

11.23 

0.57 

3.89 

0.28 

4.28 0.16 

0.42 

0.05 

2.62 

0.12 

0.14 

0.05 

0.10 0.05 

FLD5.3 

71.34 

3.02 

12.17 

0.61 

3.48 

0.25 

4.02 0.16 

2.06 

0.10 

2.86 

0.13 

0.36 

0.06 

0.48 0.07 

FLD5.3 

74.04 

3.13 

11.17 

0.57 

3.76 

0.27 

4.37 0.17 

0.39 

0.05 

2.82 

0.12 

0.21 

0.05 

0.07 0.05 

FLD5.3 

77.38 

3.27 

11.42 

0.58 

3.56 

0.26 

3.63 0.14 

1.23 

0.08 

1.69 

0.09 

0.12 

0.05 

0.17 0.05 

FLD5.3 

76.56 

3.23 

11.49 

0.58 

4.04 

0.29 

4.18 0.16 

0.76 

0.06 

2.95 

0.13 

0.25 

0.05 

0.14 0.05 

FLD5.3 

72.75 

3.07 

12.26 

0.62 

3.82 

0.27 

4.20 0.16 

0.98 

0.07 

2.62 

0.12 

0.32 

0.06 

0.30 0.06 

FLD5.3 

75.85 

3.20 

11.21 

0.57 

3.51 

0.25 

4.13 0.16 

0.38 

0.05 

2.70 

0.12 

0.20 

0.05 

0.08 0.05 

FLD5.3 

72.70 

3.07 

11.40 

0.58 

3.40 

0.25 

3.87 0.15 

1.87 

0.09 

2.68 

0.12 

0.36 

0.06 

0.36 0.06 

FLD5.3 

66.19 

2.80 

14.31 

0.71 

4.81 

0.34 

4.34 0.17 

3.69 

0.15 

3.32 

0.14 

0.44 

0.06 

0.88 0.09 

FLD5.3 

73.63 

3.11 

12.30 

0.62 

3.96 

0.28 

4.26 0.16 

0.72 

0.06 

2.71 

0.12 

0.30 

0.06 

0.17 0.05 

FLD5.3 

74.45 

3.14 

11.22 

0.57 

3.43 

0.25 

3.95 0.15 

0.67 

0.06 

2.63 

0.12 

0.14 

0.05 

0.16 0.05 

FLD5.3 

71.86 

3.04 

12.10 

0.61 

3.24 

0.24 

3.68 0.15 

2.14 

0.10 

2.71 

0.12 

0.30 

0.06 

0.47 0.07 

FLD5.3 

73.91 

3.12 

12.42 

0.63 

3.65 

0.26 

3.96 0.15 

1.23 

0.08 

2.97 

0.13 

0.32 

0.06 

0.37 0.06 

FLD5.3 

71.78 

3.03 

12.17 

0.61 

3.37 

0.25 

3.79 0.15 

1.59 

0.09 

2.80 

0.12 

0.27 

0.05 

0.33 0.06 
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FLD5.4 

71.46 

3.02 

13.48 

0.67 

3.02 

0.22 

3.43 

0.14 

1.76 

0.09 

2.86 

0.13 

0.34 

0.06 

0.62 0.08 

FLD5.4 

81.74 

3.45 

8.34 

0.44 

2.56 

0.20 

3.09 

0.13 

0.88 

0.07 

.98 

0.10 

0.18 

0.05 

0.29 0.06 

FLD5.4 

72.02 

3.04 

13.83 

0.69 

3.54 

0.26 

3.89 

0.15 

1.44 

0.08 

2.75 

0.12 

0.29 

0.06 

0.35 0.06 

FLD5.4 

74.25 

3.14 

12.88 

0.65 

3.22 

0.24 

3.60 

0.14 

1.37 

0.08 

2.51 

0.12 

0.31 

0.06 

0.36 0.06 

FLD5.4 

70.06 

2.96 

14.06 

0.70 

4.22 

0.30 

4.18 

0.16 

1.53 

0.08 

3.09 

0.13 

0.31 

0.06 

0.60 0.08 

FLD5.4 

72.25 

3.05 

12.80 

0.64 

3.52 

0.26 

3.64 

0.14 

1.53 

0.08 

2.74 

0.12 

0.28 

0.05 

0.46 0.07 

FLD5.4 

69.38 

2.93 

14.94 

0.74 

3.97 

0.28 

4.22 

0.16 

1.29 

0.08 

3.05 

0.13 

0.43 

0.06 

0.56 0.07 

FLD5.4 

73.67 

3.11 

11.86 

0.60 

3.18 

0.23 

3.79 

0.15 

1.20 

0.07 

2.68 

0.12 

0.32 

0.06 

0.35 0.06 

FLD5.4 

57.32 

2.43 

23.62 

1.14 

3.72 

0.27 

3.24 

0.13 

4.47 

0.17 

3.81 

0.16 

0.57 

0.06 

0.76 0.08 

FLD5.4 

75.07 

3.17 

12.87 

0.65 

3.24 

0.24 

3.53 

0.14 

1.54 

0.08 

2.79 

0.12 

0.27 

0.05 

0.42 0.07 

FLD5.4 

72.53 

3.06 

12.98 

0.65 

3.05 

0.23 

3.46 

0.14 

1.52 

0.08 

2.83 

0.13 

0.29 

0.06 

0.38 0.06 

FLD5.4 

75.52 

3.19 

11.90 

0.60 

2.99 

0.22 

3.45 

0.14 

1.25 

0.08 

2.47 

0.11 

0.16 

0.05 

0.39 0.07 

FLD5.4 

69.27 

2.93 

13.93 

0.70 

3.62 

0.26 

3.67 

0.15 

2.28 

0.11 

3.30 

0.14 

0.47 

0.06 

0.64 0.08 

FLD5.4 

70.82 

2.99 

15.10 

0.75 

3.28 

0.24 

3.46 

0.14 

1.56 

0.09 

3.33 

0.14 

0.44 

0.06 

0.72 0.08 

FLD5.4 

73.67 

3.11 

12.61 

0.63 

3.05 

0.23 

3.48 

0.14 

1.41 

0.08 

2.62 

0.12 

0.33 

0.06 

0.40 0.07 

FLD5.4 

68.88 

2.91 

14.53 

0.72 

3.88 

0.28 

4.13 

0.16 

1.47 

0.08 

2.67 

0.12 

0.48 

0.06 

0.62 0.08 

FLD5.4 

73.30 

3.10 

12.15 

0.61 

2.97 

0.22 

3.57 

0.14 

1.35 

0.08 

2.61 

0.12 

0.34 

0.06 

0.37 0.06 

FLD5.4 

68.89 

2.91 

14.40 

0.72 

3.74 

0.27 

4.09 

0.16 

2.91 

0.13 

3.07 

0.13 

0.39 

0.06 

0.66 0.08 

FLD5.4 

65.96 

2.79 

16.38 

0.81 

4.00 

0.29 

4.19 

0.16 

3.07 

0.13 

2.79 

0.12 

0.42 

0.06 

0.78 0.09 

FLD5.4 

73.83 

3.12 

13.31 

0.67 

3.71 

0.27 

4.08 

0.16 

1.36 

0.08 

2.49 

0.11 

0.32 

0.06 

0.51 0.07 

FLD5.4 

86.57 

3.65 

5.11 

0.29 

1.86 

0.15 

2.50 

0.11 

0.46 

0.05 

1.53 

0.08 

0.11 

0.05 

0.19 0.05 

FLD5.4 

73.54 

3.11 

13.24 

0.66 

2.97 

0.22 

3.46 

0.14 

1.48 

0.08 

2.87 

0.13 

0.30 

0.06 

0.58 0.08 

FLD5.4 

72.23 

3.05 

13.30 

0.67 

2.84 

0.21 

3.58 

0.14 

1.54 

0.09 

2.69 

0.12 

0.44 

0.06 

0.48 0.07 

FLD5.4 

72.47 

3.06 

14.42 

0.72 

3.46 

0.25 

3.77 

0.15 

1.87 

0.09 

3.15 

0.13 

0.36 

0.06 

0.63 0.08 

FLD5.5 

72.64 

3.07 

13.64 

0.68 

2.88 

0.22 

3.80 

0.15 

1.31 

0.08 

2.68 

0.12 

0.30 

0.06 

0.36 0.06 

FLD5.5 

71.87 

3.04 

13.55 

0.68 

2.70 

0.20 

3.90 

0.15 

1.15 

0.07 

2.59 

0.12 

0.33 

0.06 

0.49 0.07 

FLD5.5 

71.31 

3.01 

13.56 

0.68 

2.28 

0.18 

3.36 

0.14 

1.78 

0.09 

2.82 

0.12 

0.36 

0.06 

0.59 0.08 

FLD5.5 

70.79 

2.99 

15.34 

0.76 

2.88 

0.22 

3.75 

0.15 

1.46 

0.08 

2.83 

0.12 

0.53 

0.06 

0.65 0.08 

FLD5.5 

77.16 

3.26 

13.93 

0.70 

2.86 

0.21 

3.95 

0.15 

0.74 

0.06 

1.21 

0.07 

0.12 

0.05 

0.17 0.05 

FLD5.5 

75.20 

3.18 

13.63 

0.68 

2.82 

0.21 

3.98 

0.16 

1.03 

0.07 

2.15 

0.10 

0.18 

0.05 

0.41 0.07 

FLD5.5 

75.63 

3.19 

10.89 

0.55 

2.30 

0.18 

3.70 

0.15 

1.10 

0.07 

2.60 

0.12 

0.28 

0.05 

0.51 0.07 

FLD5.5 

71.58 

3.03 

14.85 

0.74 

2.69 

0.20 

3.93 

0.15 

0.91 

0.07 

2.18 

0.10 

0.29 

0.06 

0.49 0.07 

FLD5.5 

74.02 

3.13 

11.85 

0.60 

2.19 

0.17 

3.66 

0.15 

1.05 

0.07 

2.61 

0.12 

0.33 

0.06 

0.54 0.07 

FLD5.5 

74.06 

3.13 

12.45 

0.63 

2.35 

0.18 

3.63 

0.14 

1.18 

0.07 

2.78 

0.12 

0.29 

0.06 

0.42 0.07 

FLD5.5 

72.57 

3.07 

12.88 

0.65 

2.88 

0.22 

4.00 

0.16 

1.32 

0.08 

2.84 

0.13 

0.29 

0.06 

0.53 0.07 

FLD5.5 

74.57 

3.15 

10.64 

0.54 

3.45 

0.25 

4.52 

0.17 

1.52 

0.08 

2.54 

0.12 

0.31 

0.06 

0.39 0.07 

FLD5.5 

69.68 

2.95 

15.17 

0.75 

2.60 

0.20 

3.31 

0.13 

1.99 

0.10 

2.72 

0.12 

0.43 

0.06 

0.45 0.07 

FLD5.5 

73.52 

3.11 

13.03 

0.65 

2.42 

0.19 

3.58 

0.14 

1.47 

0.08 

2.60 

0.12 

0.35 

0.06 

0.39 0.07 

FLD5.5 

71.79 

3.03 

15.53 

0.77 

2.71 

0.21 

3.40 

0.14 

1.99 

0.10 

2.84 

0.13 

0.46 

0.06 

0.64 0.08 

FLD5.5 

73.13 

3.09 

13.39 

0.67 

3.05 

0.23 

3.97 

0.15 

1.75 

0.09 

2.75 

0.12 

0.33 

0.06 

0.41 0.07 

FLD5.5 

72.52 

3.06 

13.89 

0.69 

2.22 

0.17 

3.20 

0.13 

1.19 

0.07 

2.92 

0.13 

0.44 

0.06 

0.63 0.08 

FLD5.5 

73.88 

3.12 

12.22 

0.62 

2.47 

0.19 

3.94 

0.15 

0.71 

0.06 

2.40 

0.11 

0.29 

0.06 

0.32 0.06 

U1A 

70.78 

2.99 

13.47 

0.67 

3.58 

0.26 

3.44 

0.14 

1.76 

0.09 

2.57 

0.12 

0.25 

0.05 

0.36 0.06 

U1A 

72.05 

3.04 

13.97 

0.70 

3.70 

0.27 

3.25 

0.13 

1.78 

0.09 

2.99 

0.13 

0.35 

0.06 

0.50 0.07 

U1A 

71.15 

3.01 

14.23 

0.71 

3.67 

0.26 

3.53 

0.14 

2.10 

0.10 

2.99 

0.13 

0.30 

0.06 

0.45 0.07 

U1A 

71.78 

3.03 

13.65 

0.68 

3.52 

0.26 

3.41 

0.14 

1.76 

0.09 

2.93 

0.13 

0.28 

0.06 

0.42 0.07 

U1A 

73.11 

3.09 

11.86 

0.60 

3.57 

0.26 

3.59 

0.14 

1.41 

0.08 

2.75 

0.12 

0.28 

0.05 

0.36 0.06 

U1A 

70.45 

2.98 

14.03 

0.70 

3.56 

0.26 

3.32 

0.13 

1.92 

0.10 

2.84 

0.13 

0.31 

0.06 

0.42 0.07 

U1A 

72.07 

3.05 

13.65 

0.68 

3.60 

0.26 

3.39 

0.14 

1.82 

0.09 

3.02 

0.13 

0.30 

0.06 

0.47 0.07 

fUlA 

72.08 

3.05 

13.48 

0.67 

3.42 

0.25 

3.20 

0.13 

1.89 

0.10 

2.87 

0.13 

0.27 

0.05 

0.50 0.07 

• U1A 

71.56 

3.02 

13.29 

0.67 

3.58 

0.26 

3.50 

0.14 

1.87 

0.10 

2.88 

0.13 

0.31 

0.06 

0.48 0.07 

U1A 

73.08 

3.09 

14.43 

0.72 

2.98 

0.22 

2.97 

0.12 

2.32 

0.11 

2.93 

0.13 

0.37 

0.06 

0.48 0.07 

U1A 

71.62 

3.03 

13.31 

0.67 

3.61 

0.26 

3.48 

0.14 

1.76 

0.09 

2.87 

0.13 

0.31 

0.06 

0.45 0.07 

riA 

72.81 

3.08 

12.60 

0.63 

3.84 

0.28 

3.65 

0.14 

1.54 

0.08 

3.03 

0.13 

0.32 

0.06 

0.52 0.07 

U1A 

73.35 

3.10 

12.73 

0.64 

3.68 

0.27 

3.54 

0.14 

1.55 

0.09 

2.95 

0.13 

0.26 

0.05 

0.46 0.07 

U1A 

73.99 

3.12 

12.42 

0.63 

3.21 

0.24 

3.01 

0.13 

1.57 

0.09 

2.53 

0.12 

0.25 

0.05 

0.36 0.06 

U1A 

69.57 

2.94 

13.95 

0.70 

3.19 

0.23 

3.51 

0.14 

2.18 

0.10 

3.01 

0.13 

0.35 

0.06 

0.49 0.07 

U1A 

77.42 

3.27 

12.73 

0.64 

2.74 

0.21 

2.90 

0.12 

1.73 

0.09 

2.73 

0.12 

0.31 

0.06 

0.42 0.07 

U1A 

78.11 

3.30 

11.85 

0.60 

3.10 

0.23 

3.05 

0.13 

1.39 

0.08 

2.52 

0.12 

0.26 

0.05 

0.34 0.06 

U1A 

69.47 

2.94 

14.53 

0.72 

3.28 

0.24 

3.48 

0.14 

2.70 

0.12 

3.35 

0.14 

0.34 

0.06 

0.63 0.08 

U1A 

71.50 

3.02 

13.62 

0.68 

3.46 

0.25 

3.39 

0.14 

1.80 

0.09 

3.00 

0.13 

0.32 

0.06 

0.44 0.07 

U1A 

71.56 

3.02 

12.86 

0.65 

3.53 

0.26 

3.60 

0.14 

1.58 

0.09 

3.08 

0.13 

0.33 

0.06 

0.47 0.07 
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U1A 70.57 2.98 13.77 0.69 3.39 0.25 3.42 

U1A 73.70 3.11 14.26 0.71 2.89 0.22 3.11 

U1A 71.27 3.01 13.44 0.67 3.66 0.26 3.67 

U1A 72.24 3.05 13.56 0.68 3.66 0.26 3.61 

U1A 70.83 2.99 14.24 0.71 3.64 0.26 3.60 

U1A 71.97 3.04 13.93 0.70 3.48 0.25 3.58 

U1A 72.34 3.06 14.08 0.70 3.39 0.25 3.55 

U1A 71.36 3.02 13.22 0.66 3.01 0.22 3.46 

U1A 71.98 3.04 14.43 0.72 2.78 0.21 3.52 

U1A 74.02 3.13 13.92 0.69 2.90 0.22 3.08 

U1A 73.36 3.10 14.87 0.74 3.34 0.24 2.98 

U1A 72.18 3.05 14.14 0.71 3.53 0.26 3.45 

U1A 73.39 3.10 14.53 0.72 3.56 0.26 3.34 

U1A 71.74 3.03 13.65 0.68 2.93 0.22 3.42 

U1A 73.35 3.10 13.63 0.68 3.70 0.27 3.57 

U1A 72.12 3.05 13.77 0.69 3.52 0.26 3.48 

U1A 68.91 2.91 13.95 0.70 3.35 0.24 3.52 

U1A 74.81 3.16 13.07 0.66 3.41 0.25 3.48 

U1A 73.89 3.12 13.21 0.66 3.37 0.25 3.67 

U1A 73.09 3.09 13.85 0.69 2.26 0.18 3.12 

U1A 72.02 3.04 13.11 0.66 3.38 0.25 3.56 

U1A 74.82 3.16 13.68 0.68 3.50 0.25 3.53 

U1A 71.78 3.03 14.21 0.71 3.26 0.24 3.56 

U1A 73.07 3.09 13.64 0.68 3.01 0.22 3.40 

U1A 71.31 3.01 13.23 0.66 3.00 0.22 3.58 

U1A 78.47 3.31 11.57 0.59 2.52 0.19 3.16 

U1A 71.18 3.01 13.60 0.68 2.86 0.21 3.60 

U1A 75.49 3.19 13.43 0.67 2.92 0.22 3.42 

U1A 74.13 3.13 13.82 0.69 2.67 0.20 3.39 

U1A 73.81 3.12 14.57 0.72 2.57 0.20 3.30 

U1A 71.05 3.00 13.84 0.69 3.40 0.25 3.60 

U1A 70.65 2.99 13.32 0.67 3.49 0.25 3.60 

U1A 71.43 3.02 14.09 0.70 3.33 0.24 3.69 

U1A 71.46 3.02 13.83 0.69 2.45 0.19 3.10 

U1A 70.63 2.99 13.84 0.69 3.70 0.27 3.61 

U1A 81.95 3.45 8.61 0.45 2.17 0.17 2.41 

U1A 80.08 3.38 11.42 0.58 2.34 0.18 2.90 

U1A 72.65 3.07 14.65 0.73 3.45 0.25 3.37 

U1A 72.35 3.06 12.52 0.63 3.36 0.25 3.25 

U1A 74.22 3.13 14.23 0.71 3.39 0.25 3.16 

U1B 91.98 3.87 3.64 0.22 1.72 0.14 1.65 

U1B 72.40 3.06 12.67 0.64 3.72 0.27 3.38 

U1B 71.74 3.03 13.55 0.68 3.94 0.28 3.53 

U1B 71.26 3.01 13.63 0.68 4.28 0.30 3.76 

U1B 69.55 2.94 13.77 0.69 4.26 0.30 3.95 

U1B 76.57 3.23 12.29 0.62 3.66 0.26 3.35 

U1B 72.58 3.07 13.70 0.68 3.80 0.27 3.41 

U1B 69.96 2.96 14.06 0.70 3.73 0.27 3.45 

U1B 70.96 3.00 14.05 0.70 3.88 0.28 3.47 

U1B 70.97 3.00 13.73 0.69 3.97 0.28 3.47 

U1B 72.30 3.05 14.48 0.72 3.73 0.27 3.35 

U1B 71.75 3.03 14.09 0.70 3.73 0.27 3.42 

U1B 72.86 3.08 14.03 0.70 3.63 0.26 3.31 

U1B 71.15 3.01 13.82 0.69 3.86 0.28 3.55 

U1B 71.31 3.01 13.77 0.69 4.06 0.29 3.62 

U1B 72.17 3.05 14.00 0.70 3.74 0.27 3.25 

U1B 69.86 2.95 13.76 0.69 3.86 0.28 3.63 

U1B 71.78 3.03 14.17 0.71 3.67 0.26 3.48 

U1B 73.38 3.10 14.06 0.70 3.75 0.27 3.37 

U1B 72.85 3.08 14.33 0.71 3.78 0.27 3.33 

71.58 3.03 14.38 0.72 3.94 0.28 3.34 

71.43 3.02 13.75 0.69 4.02 0.29 3.56 


0.14 1.84 0.09 2.92 0.13 0.30 0.06 0.43 0.07 

0.13 2.09 0.10 2.74 0.12 0.31 0.06 0.49 0.07 

0.15 1.83 0.09 3.03 0.13 0.38 0.06 0.50 0.07 

0.14 1.87 0.09 2.85 0.13 0.34 0.06 0.51 0.07 

0.14 1.97 0.10 2.87 0.13 0.31 0.06 0.45 0.07 

0.14 1.79 0.09 2.97 0.13 0.31 0.06 0.49 0.07 

0.14 1.80 0.09 2.93 0.13 0.31 0.06 0.47 0.07 

0.14 1.74 0.09 2.85 0.13 0.28 0.06 0.43 0.07 

0.14 2.25 0.11 2.95 0.13 0.32 0.06 0.52 0.07 

0.13 2.38 0.11 2.97 0.13 0.29 0.06 0.50 0.07 

0.12 1.97 0.10 2.95 0.13 0.34 0.06 0.49 0.07 

0.14 1.91 0.10 2.97 0.13 0.36 0.06 0.47 0.07 

0.14 1.92 0.10 2.85 0.13 0.33 0.06 0.46 0.07 

0.14 1.85 0.09 2.92 0.13 0.31 0.06 0.48 0.07 

0.14 1.81 0.09 2.75 0.12 0.27 0.05 0.47 0.07 

0.14 1.93 0.10 2.95 0.13 0.35 0.06 0.45 0.07 

0.14 2.27 0.11 3.31 0.14 0.39 0.06 0.55 0.07 

0.14 1.68 0.09 2.72 0.12 0.28 0.05 0.39 0.07 

0.15 1.73 0.09 3.03 0.13 0.36 0.06 0.53 0.07 

0.13 2.35 0.11 2.84 0.13 0.29 0.06 0.50 0.07 

0.14 1.95 0.10 3.00 0.13 0.33 0.06 0.48 0.07 

0.14 1.70 0.09 3.06 0.13 0.32 0.06 0.50 0.07 

0.14 1.78 0.09 3.01 0.13 0.33 0.06 0.45 0.07 

0.14 1.96 0.10 2.78 0.12 0.27 0.05 0.48 0.07 

0.14 1.54 0.09 2.81 0.12 0.33 0.06 0.39 0.07 

0.13 1.18 0.07 2.25 0.11 0.22 0.05 0.34 0.06 

0.14 1.77 0.09 2.96 0.13 0.31 0.06 0.46 0.07 

0.14 1.73 0.09 3.02 0.13 0.35 0.06 0.48 0.07 

0.14 1.96 0.10 3.04 0.13 0.33 0.06 0.50 0.07 

0.13 1.84 0.09 2.97 0.13 0.31 0.06 0.46 0.07 

0.14 1.82 0.09 3.12 0.13 0.35 0.06 0.46 0.07 

0.14 1.85 0.09 2.90 0.13 0.33 0.06 0.41 0.07 

0.15 2.24 0.11 2.85 0.13 0.32 0.06 0.48 0.07 

0.13 2.28 O.li 3.03 0.13 0.33 0.06 0.47 0.07 

0.14 1.86 0.09 2.92 0.13 0.38 0.06 0.42 0.07 

0.11 0.97 0.07 2.19 0.11 0.24 0.05 0.37 0.06 

0.12 1.32 0.08 2.33 0.11 0.20 0.05 0.34 0.06 

0.14 2.31 0.11 2.83 0.13 0.30 0.06 0.49 0.07 

0.13 1.80 0.09 2.74 0.12 0.29 0.06 0.48 0.07 

0.13 2.15 0.10 2.95 0.13 0.33 0.06 0.49 0.07 

0.08 0.47 0.05 1.63 0.09 0.06 0.05 0.38 0.06 

0.14 2.23 0.11 2.87 0.13 0.32 0.06 0.57 0.07 

0.14 1.77 0.09 2.75 0.12 0.28 0.06 0.55 0.07 

0.15 1.53 0.08 2.65 0.12 0.32 0.06 0.57 0.07 

0.15 1.60 0.09 2.79 0.12 0.40 0.06 0.59 0.08 

0.14 1.33 0.08 2.64 0.12 0.28 0.06 0.59 0.08 

0.14 1.23 0.08 2.93 0.13 0.36 0.06 0.58 0.08 

0.14 1.37 0.08 2.93 0.13 0.35 0.06 0.56 0.07 

0.14 1.31 0.08 2.97 0.13 0.31 0.06 0.48 0.07 

0.14 1.21 0.07 3.03 0.13 0.28 0.05 0.51 0.07 

0.14 1.31 0.08 2.96 0.13 0.36 0.06 0.60 0.08 

0.14 1.34 0.08 2.87 0.13 0.37 0.06 0.61 0.08 

0.13 1.41 0.08 2.92 0.13 0.40 0.06 0.60 0.08 

0.14 1.32 0.08 3.03 0.13 0.33 0.06 0.58 0.08 

0.14 1.14 0.07 3.01 0.13 0.41 0.06 0.46 0.07 

0.13 1.39 0.08 2.84 0.13 0.36 0.06 0.54 0.07 

0.14 1.49 0.08 2.82 0.12 0.34 0.06 0.57 0.08 

0.14 1.36 0.08 3.14 0.13 0.35 0.06 0.57 0.07 

0.14 1.36 0.08 2.91 0.13 0.38 0.06 0.56 0.07 

0.14 1.36 0.08 3.07 0.13 0.36 0.06 0.55 0.07 

0.14 1.44 0.08 2.94 0.13 0.33 0.06 0.56 0.07 

0.14 1.31 0.08 2.97 0.13 0.35 0.06 0.55 0.07 


U1B 
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U1B 71.86 3.04 14.14 0.71 3.61 0.26 3.32 

U1B 76.16 3.22 12.07 0.61 3.48 0.25 3.35 

U1B 71.91 3.04 14.19 0.71 3.89 0.28 3.54 

U1B 72.05 3.04 14.66 0.73 3.41 0.25 3.21 

U1B 73.09 3.09 14.10 0.70 3.75 0.27 3.41 

U1B 72.55 3.07 13.69 0.68 3.82 0.27 3.50 

U1B 72.25 3.05 13.50 0.68 3.64 0.26 3.42 

U1B 72.17 3.05 14.53 0.72 3.70 0.27 3.36 

U1B 69.46 2.94 14.52 0.72 3.56 0.26 3.43 

U1B 72.35 3.06 14.30 0.71 3.60 0.26 3.27 

U1B 72.58 3.07 14.19 0.71 3.77 0.27 3.44 

U1B 92.97 3.91 4.11 0.24 1.48 0.13 1.64 

U1B 70.61 2.98 15.32 0.76 3.61 0.26 3.46 

U1B 71.64 3.03 13.80 0.69 3.80 0.27 3.51 

U1B 70.17 2.97 13.91 0.69 3.47 0.25 3.34 

U1B 71.94 3.04 14.34 0.71 3.40 0.25 3.30 

U1B 71.87 3.04 14.92 0.74 3.38 0.25 3.16 

U1B 71.70 3.03 14.33 0.71 3.40 0.25 3.20 

U1B 70.94 3.00 14.03 0.70 3.60 0.26 3.45 

U1B 70.68 2.99 14.04 0.70 3.58 0.26 3.38 

U1B 73.59 3.11 12.37 0.62 3.45 0.25 3.37 

U1B 72.03 3.04 13.89 0.69 2.15 0.17 3.57 

U1B 72.96 3.08 14.18 0.71 3.61 0.26 3.36 

U1B 73.56 3.11 14.17 0.71 3.39 0.25 3.27 

U1B 71.04 3.00 14.01 0.70 3.45 0.25 3.33 

U1B 71.73 3.03 13.39 0.67 3.49 0.25 3.33 

U1B 69.92 2.96 15.03 0.75 3.46 0.25 3.23 

U1B 72.59 3.07 13.93 0.70 3.66 0.26 3.52 

U1B 72.32 3.06 14.17 0.71 1.69 0.14 3.79 

U1B 72.12 3.05 14.70 0.73 3.48 0.25 3.44 

U1B 72.76 3.07 13.85 0.69 3.65 0.26 3.45 

U1B 71.80 3.03 14.15 0.71 3.55 0.26 3.34 

U1B 73.01 3.08 14.31 0.71 3.39 0.25 3.17 

U1B 71.51 3.02 13.84 0.69 3.44 0.25 3.27 

U1B 73.38 3.10 14.19 0.71 3.65 0.26 3.33 

U1B 71.72 3.03 14.15 0.71 3.72 0.27 3.55 

U1B 71.56 3.02 13.93 0.70 3.37 0.25 3.50 

U1B 72.48 3.06 14.26 0.71 3.70 0.27 3.43 

U2 71.93 3.04 12.69 0.64 3.54 0.26 4.33 

U2 74.51 3.15 13.13 0.66 3.46 0.25 4.03 

U2 71.12 3.01 12.57 0.63 2.96 0.22 4.32 

U2 75.51 3.19 13.35 0.67 3.54 0.26 4.62 

U2 70.75 2.99 13.61 0.68 3.61 0.26 4.40 

U2 75.03 3.17 12.51 0.63 3.77 0.27 4.95 

U2 76.97 3.25 10.43 0.53 2.98 0.22 4.02 

U2 73.29 3.10 12.53 0.63 3.11 0.23 4.35 

U2 72.72 3.07 12.24 0.62 3.04 0.23 4.42 

U2 78.80 3.32 13.01 0.65 3.47 0.25 4.72 

U2 72.86 3.08 13.42 0.67 3.41 0.25 4.18 

U2 71.97 3.04 13.78 0.69 3.54 0.26 4.39 

U2 79.12 3.34 12.39 0.62 2.59 0.20 5.12 

U2 75.82 3.20 14.08 0.70 3.52 0.26 5.10 

U2 74.53 3.15 13.50 0.68 3.46 0.25 4.80 

U2 74.11 3.13 13.27 0.66 3.18 0.23 4.49 

U2 72.98 3.08 13.42 0.67 3.32 0.24 4.25 

U2 69.38 2.93 14.36 0.72 3.97 0.28 4.19 

U2 75.48 3.19 9.90 0.51 3.27 0.24 4.36 

U2 73.55 3.11 13.50 0.68 2.87 0.22 5.41 

U2 75.14 3.17 14.22 0.71 3.73 0.27 5.30 

U2 74.23 3.14 14.13 0.70 3.83 0.27 5.21 

U2 74.17 3.13 13.39 0.67 3.38 0.25 5.10 

U2 76.24 3.22 11.45 0.58 3.22 0.24 4.65 


0.14 1.41 0.08 2.99 0.13 0.32 0.06 0.59 0.08 

0.14 1.30 0.08 2.47 0.11 0.32 0.06 0.55 0.07 

0.14 1.11 0.07 2.74 0.12 0.35 0.06 0.62 0.08 

0.13 1.49 0.08 2.92 0.13 0.29 0.06 0.50 0.07 

0.14 1.39 0.08 2.96 0.13 0.38 0.06 0.57 0.07 

0.14 1.29 0.08 2.81 0.12 0.35 0.06 0.45 0.07 

0.14 1.30 0.08 2.90 0.13 0.33 0.06 0.50 0.07 

0.14 1.41 0.08 2.76 0.12 0.36 0.06 0.58 0.08 

0.14 1.59 0.09 2.86 0.13 0.44 0.06 0.59 0.08 

0.13 1.56 0.09 2.74 0.12 0.30 0.06 0.60 0.08 

0.14 1.46 0.08 2.83 0.13 0.38 0.06 0.57 0.07 

0.08 0.27 0.05 1.31 0.08 0.09 0.05 0.22 0.06 

0.14 1.56 0.09 3.07 0.13 0.49 0.06 0.72 0.08 

0.14 1.09 0.07 2.88 0.13 0.32 0.06 0.42 0.07 

0.14 1.47 0.08 2.99 0.13 0.33 0.06 0.57 0.07 

0.13 1.50 0.08 2.96 0.13 0.40 0.06 0.57 0.07 

0.13 1.56 0.09 2.69 0.12 0.40 0.06 0.54 0.07 

0.13 1.53 0.08 3.06 0.13 0.42 0.06 0.69 0.08 

0.14 1.43 0.08 2.86 0.13 0.38 0.06 0.56 0.07 

0.14 1.39 0.08 2.91 0.13 0.38 0.06 0.59 0.08 

0.14 1.10 0.07 2.56 0.12 0.33 0.06 0.55 0.07 

0.14 1.23 0.08 2.91 0.13 0.33 0.06 0.53 0.07 

0.14 1.36 0.08 2.86 0.13 0.26 0.05 0.53 0.07 

0.13 1.52 0.08 2.90 0.13 0.32 0.06 0.58 0.08 

0.14 1.59 0.09 2.99 0.13 0.35 0.06 0.55 0.07 

0.14 1.35 0.08 2.87 0.13 0.29 0.06 0.53 0.07 

0.13 1.74 0.09 2.97 0.13 0.33 0.06 0.59 0.08 

0.14 1.81 0.09 2.84 0.13 0.33 0.06 0.61 0.08 

0.15 1.35 0.08 3.00 0.13 0.39 0.06 0.54 0.07 

0.14 1.85 0.09 3.16 0.14 0.40 0.06 0.73 0.08 

0.14 1.34 0.08 2.80 0.12 0.30 0.06 0.48 0.07 

0.14 1.36 0.08 2.98 0.13 0.38 0.06 0.54 0.07 

0.13 1.52 0.08 2.87 0.13 0.39 0.06 0.58 0.08 

0.13 1.42 0.08 2.88 0.13 0.38 0.06 0.54 0.07 

0.14 1.50 0.08 2.81 0.12 0.34 0.06 0.59 0.08 

0.14 1.34 0.08 3.03 0.13 0.33 0.06 0.51 0.07 

0.14 1.33 0.08 2.94 0.13 0.33 0.06 0.50 0.07 

0.14 1.32 0.08 2.71 0.12 0.38 0.06 0.54 0.07 

0.17 2.38 0.11 2.72 0.12 0.31 0.06 0.58 0.08 

0.16 2.95 0.13 2.89 0.13 0.31 0.06 0.78 0.09 

0.17 2.41 0.11 2.52 0.12 0.29 0.06 0.57 0.08 

0.17 0.91 0.07 1.44 0.08 0.15 0.05 0.33 0.06 

0.17 2.04 0.10 2.80 0.12 0.38 0.06 0.63 0.08 

0.18 0.65 0.06 1.73 0.09 0.20 0.05 0.36 0.06 

0.16 2.01 0.10 2.74 0.12 0.28 0.05 0.64 0.08 

0.17 1.43 0.08 2.43 0.11 0.25 0.05 0.53 0.07 

0.17 1.56 0.09 2.14 0.10 0.25 0.05 0.41 0.07 

0.18 0.37 0.05 0.80 0.06 0.12 0.05 0.03 0.05 

0.16 1.71 0.09 2.55 0.12 0.34 0.06 0.56 0.07 

0.17 1.76 0.09 2.55 0.12 0.35 0.06 0.67 0.08 

0.19 0.16 0.04 0.92 0.07 0.11 0.05 0.19 0.05 

0.19 0.36 0.05 0.95 0.07 0.10 0.05 0.23 0.06 

0.18 0.64 0.06 1.36 0.08 0.15 0.05 0.24 0.06 

0.17 1.42 0.08 1.88 0.10 0.17 0.05 0.41 0.07 

0.16 1.91 0.10 2.74 0.12 0.33 0.06 0.71 0.08 

0.16 3.79 0.15 2.92 0.13 0.30 0.06 0.88 0.09 

0.17 1.99 0.10 2.91 0.13 0.16 0.05 0.60 0.08 

0.20 0.95 0.07 1.38 0.08 0.16 0.05 0.27 0.06 

0.20 0.21 0.04 0.84 0.06 0.19 0.05 0.07 0.05 

0.19 0.59 0.06 1.36 0.08 0.27 0.05 0.24 0.06 

0.19 0.27 0.05 0.85 0.06 0.10 0.05 0.10 0.05 

0.18 1.19 0.07 2.11 0.10 


0.29 
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U2 72.96 

U2 77.40 

U2 76.57 

U2 73.52 

U2 71.81 

U2 71.41 

U2 71.24 

U2 75.54 

U2 74.10 

U2 75.56 

U2 73.35 

U2 74.80 

U2 76.45 

U2 70.78 

U2 70.61 

U2 73.66 

U2 75.77 

U2 74.45 

U2 71.72 

U2 72.03 

U2 72.48 

U2 70.20 

U2 72.55 

U2 74.69 

U2 70.16 

U2 73.59 

U2 73.34 

U2 71.68 

U2 74.89 

U2 72.70 

U2 69.62 

U2 71.40 

U2 73.32 

U2 70.33 

U2 72.62 

U2 71.73 

U2 75.50 

U2 72.67 

U2 71.16 

U2 72.28 

U2 74.32 

U2 70.41 

U2 75.62 

U3 72.53 

U3 74.74 

U3 74.82 

U3 75.75 

U3 70.09 

U3 71.91 

U3 72.65 

U3 71.64 

U3 72.64 

U3 72.86 

U3 73.35 

U3 71.63 

U3 71.91 

U3 77.19 

U3 72.46 

U3 73.23 

U3 76.75 

U3 69.78 

U3 71.60 


3.08 13.57 0.68 

3.27 12.16 0.61 

3.23 13.80 0.69 

3.11 12.20 0.62 

3.03 12.05 0.61 

3.02 13.37 0.67 

3.01 13.50 0.68 

3.19 13.93 0.70 

3.13 13.73 0.69 

3.19 14.19 0.71 

3.10 13.07 0.66 

3.16 13.04 0.65 

3.23 14.05 0.70 

2.99 13.87 0.69 

2.98 13.05 0.65 

3.11 11.52 0.58 

3.20 13.93 0.70 

3.14 13.49 0.67 

3.03 12.82 0.64 

3.04 13.43 0.67 

3.06 13.78 0.69 

2.97 13.67 0.68 

3.07 12.53 0.63 

3.15 10.92 0.56 

2.97 14.56 0.72 

3.11 13.37 0.67 

3.10 13.61 0.68 

3.03 13.00 0.65 

3.16 12.00 0.61 

3.07 13.54 0.68 

2.94 13.61 0.68 

3.02 13.40 0.67 

3.10 13.96 0.70 

2.97 13.79 0.69 

3.07 12.78 0.64 

3.03 12.77 0.64 

3.19 13.55 0.68 

3.07 13.08 0.66 

3.01 14.15 0.71 

3.05 12.95 0.65 

3.14 12.54 0.63 

2.98 13.34 0.67 

3.19 14.73 0.73 

3.06 13.99 0.70 

3.16 11.95 0.60 

3.16 11.85 0.60 

3.20 13.10 0.66 

2.96 15.02 0.75 

3.04 13.11 0.66 

3.07 13.35 0.67 

3.03 13.13 0.66 

3.07 13.50 0.68 

3.08 13.70 0.68 

3.10 13.86 0.69 

3.03 12.80 0.64 

3.04 12.83 0.64 

3.26 11.64 0.59 

3.06 12.62 0.63 

3.09 12.63 0.64 

3.24 13.13 0.66 

2.95 14.07 0.70 

3.03 13.14 0.66 


3.51 0.25 4.17 

3.80 0.27 5.10 

3.70 0.27 5.11 

2.35 0.18 5.00 

3.37 0.25 4.84 

3.27 0.24 4.18 

3.39 0.25 4.34 

3.87 0.28 5.15 

3.74 0.27 5.12 

3.82 0.27 5.23 

3.34 0.24 4.60 

3.11 0.23 5.00 

3.71 0.27 4.98 

3.74 0.27 4.87 

3.22 0.24 4.19 

3.18 0.23 4.31 

3.80 0.27 4.90 

3.17 0.23 4.27 

3.53 0.26 4.44 

2.90 0.22 4.28 

3.51 0.25 4.59 

3.72 0.27 4.51 

2.97 0.22 4.12 

2.87 0.22 4.11 

3.53 0.26 4.19 

3.27 0.24 4.51 

2.98 0.22 4.16 

3.18 0.23 4.25 

3.26 0.24 4.12 

3.23 0.24 4.14 

3.14 0.23 4.27 

2.93 0.22 4.30 

3.34 0.24 4.53 

3.31 0.24 4.29 

3.45 0.25 4.48 

3.06 0.23 4.23 

3.60 0.26 5.08 

3.52 0.26 4.77 

1.03 0.10 4.61 

3.27 0.24 4.28 

3.24 0.24 4.17 

3.08 0.23 4.24 

3.98 0.28 5.11 

3.36 0.25 3.78 

2.90 0.22 3.50 

3.05 0.23 3.74 

3.10 0.23 3.75 

3.47 0.25 4.05 

3.20 0.24 3.90 

3.25 0.24 3.62 

3.06 0.23 3.66 

3.10 0.23 3.81 

2.84 0.21 3.55 

3.27 0.24 3.84 

3.31 0.24 4.07 

3.22 0.24 3.86 

2.88 0.22 3.42 

3.40 0.25 3.83 

3.18 0.23 4.01 

2.87 0.21 3.63 

3.04 0.23 4.02 

3.26 0.24 3.97 


0.16 2.17 0.10 

0.19 0.97 0.07 

0.19 0.06 0.04 

0.19 0.57 0.06 

0.18 1.19 0.07 

0.16 1.89 0.10 

0.17 2.06 0.10 

0.19 0.60 0.06 

0.19 0.39 0.05 

0.19 0.11 0.04 

0.17 1.56 0.09 

0.19 0.25 0.05 

0.19 0.62 0.06 

0.18 1.67 0.09 

0.16 1.95 0.10 

0.17 2.08 0.10 

0.18 0.30 0.05 

0.16 1.62 0.09 

0.17 1.50 0.08 

0.16 1.82 0.09 

0.17 1.46 0.08 

0.17 2.64 0.12 

0.16 1.79 0.09 

0.16 1.67 0.09 

0.16 2.23 0.11 

0.17 1.14 0.07 

0.16 1.75 0.09 

0.16 1.68 0.09 

0.16 2.10 0.10 

0.16 1.63 0.09 

0.16 1.83 0.09 

0.17 1.77 0.09 

0.17 1.53 0.08 

0.16 2.17 0.10 

0.17 1.88 0.10 

0.16 1.67 0.09 

0.19 0.28 0.05 

0.18 1.42 0.08 

0.17 1.47 0.08 

0.16 1.74 0.09 

0.16 1.34 0.08 

0.16 1.65 0.09 

0.19 1.14 0.07 

0.15 3.30 0.14 

0.14 3.07 0.13 

0.15 2.84 0.12 

0.15 2.39 0.11 

0.16 1.65 0.09 

0.15 2.57 0.12 

0.14 2.19 0.10 

0.15 2.31 0.11 

0.15 2.72 0.12 

0.14 2.96 0.13 

0.15 2.93 0.13 

0.16 2.97 0.13 

0.15 2.88 0.13 

0.14 2.26 0.11 

0.15 2.58 0.12 

0.16 2.67 0.12 

0.14 2.76 0.12 

0.16 2.76 0.12 

0.15 3.24 0.14 


2.87 0.13 0.27 

1.49 0.08 0.19 

0.86 0.06 0.15 

1.95 0.10 0.27 

2.14 0.10 0.30 

2.74 0.12 0.36 

2.72 0.12 0.31 

1.35 0.08 0.26 

1.37 0.08 0.14 

0.93 0.07 0.15 

2.24 0.11 0.36 

0.91 0.07 0.16 

1.09 0.07 0.23 

2.78 0.12 0.36 

2.83 0.12 0.37 

2.85 0.13 0.33 

1.10 0.07 0.16 

2.17 0.10 0.27 

2.44 0.11 0.32 

2.25 0.11 0.34 

2.63 0.12 0.30 

2.91 0.13 0.35 

3.06 0.13 0.60 

2.65 0.12 0.29 

3.04 0.13 0.35 

1.71 0.09 0.23 

2.47 0.11 0.32 

2.69 0.12 0.39 

2.95 0.13 0.33 

2.94 0.13 0.36 

3.11 0.13 0.40 

2.74 0.12 0.38 

2.13 0.10 0.32 

2.89 0.13 0.43 

2.97 0.13 0.40 

3.05 0.13 0.31 

0.96 0.07 0.13 

1.82 0.09 0.27 

3.33 0.14 0.37 

3.00 0.13 0.37 

2.98 0.13 0.32 

3.23 0.14 0.37 

1.09 0.07 0.13 

2.74 0.12 0.30 

2.72 0.12 0.30 

2.79 0.12 0.26 

2.37 0.11 0.29 

3.30 0.14 0.35 

3.34 0.14 0.33 

2.63 0.12 0.30 

2.72 0.12 0.38 

2.94 0.13 0.36 

2.70 0.12 0.33 

3.04 0.13 0.28 

4.02 0.16 0.47 

3.54 0.15 0.37 

2.74 0.12 0.30 

2.77 0.12 0.34 

2.65 0.12 0.38 

2.84 0.13 0.32 

3.03 0.13 0.39 

3.03 0.13 0.32 


0.05 0.72 0.08 

0.05 0.26 0.06 

0.05 0.03 0.05 

0.05 0.30 0.06 

0.06 0.55 0.07 

0.06 0.70 0.08 

0.06 0.64 0.08 

0.05 0.25 0.06 

0.05 0.32 0.06 

0.05 0.11 0.05 

0.06 0.47 0.07 

0.05 0.03 0.05 

0.05 0.19 0.06 

0.06 0.64 0.08 

0.06 0.62 0.08 

0.06 0.64 0.08 

0.05 0.11 0.05 

0.05 0.45 0.07 

0.06 0.52 0.07 

0.06 0.64 0.08 

0.06 0.57 0.07 

0.06 0.74 0.08 

0.07 0.65 0.08 

0.06 0.58 0.08 

0.06 0.88 0.09 

0.05 0.38 0.06 

0.06 0.62 0.08 

0.06 0.64 0.08 

0.06 0.64 0.08 

0.06 0.63 0.08 

0.06 0.72 0.08 

0.06 0.64 0.08 

0.06 0.47 0.07 

0.06 0.63 0.08 

0.06 0.64 0.08 

0.06 0.66 0.08 

0.05 0.10 0.05 

0.05 0.37 0.06 

0.06 0.71 0.08 

0.06 0.76 0.08 

0.06 0.66 0.08 

0.06 0.70 0.08 

0.05 0.24 0.06 

0.06 0.70 0.08 

0.06 0.66 0.08 

0.05 0.74 0.08 

0.06 0.63 0.08 

0.06 0.71 0.08 

0.06 0.71 0.08 

0.06 0.60 0.08 

0.06 0.69 0.08 

0.06 0.74 0.08 

0.06 0.74 0.08 

0.06 0.84 0.09 

0.06 0.79 0.09 

0.06 0.69 0.08 

0.06 0.61 0.08 

0.06 0.66 0.08 

0.06 0.63 0.08 

0.06 0.70 0.08 

0.06 0.75 0.08 

0.06 0.74 0.08 
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U3 

72.80 

3.08 

12.76 

0.64 

3.06 

0.23 

4.02 0.1 

3.35 

0.14 

3.49 

0.15 

0.40 

.06 0.77 0.09 

U3 

69.64 

2.95 

14.38 

0.72 

3.78 

0.27 

4.02 0.1 

2.56 

0.12 

3.40 

0.14 

0.38 

.06 0.70 0.08 

U3 

72.83 

3.08 

12.89 

0.65 

3.23 

0.24 

3.64 0.1 

2.57 

0.12 

2.89 

0.13 

0.35 

.06 0.71 0.08 

U3 

77.19 

3.26 

12.36 

0.62 

2.80 

0.21 

3.64 0.1 

2.66 

0.12 

2.66 

0.12 

0.30 

.06 0.58 0.08 

U3 

75.24 

3.18 

13.40 

0.67 

2.89 

0.22 

3.72 0.1 

2.82 

0.12 

2.79 

0.12 

0.30 

.06 0.67 0.08 

U3 

75.27 

3.18 

13.77 

0.69 

2.97 

0.22 

3.74 0.1 

2.72 

0.12 

2.84 

0.13 

0.33 

.06 0.71 0.08 

U3 

74.10 

3.13 

13.54 

0.68 

2.52 

0.19 

3.63 0.1 

2.53 

0.11 

2.82 

0.12 

0.35 

.06 0.62 0.08 

U3 

72.48 

3.06 

13.64 

0.68 

2.81 

0.21 

3.98 0.1 

2.88 

0.13 

3.06 

0.13 

0.35 

.06 0.83 0.09 

U3 

69.66 

2.95 

13.89 

0.69 

2.99 

0.22 

3.59 0.1 

l 6.71 

0.24 

3.49 

0.15 

0.30 

.06 1.29 0.11 

U3 

72.14 

3.05 

13.75 

0.69 

3.57 

0.26 

3.97 0.1 

2.58 

0.12 

2.89 

0.13 

0.37 

.06 0.72 0.08 

U3 

72.39 

3.06 

14.11 

0.70 

3.75 

0.27 

3.72 0.1 

3.24 

0.14 

2.67 

0.12 

0.36 

.06 0.67 0.08 

U3 

74.22 

3.13 

13.28 

0.67 

2.76 

0.21 

3.53 0.1 

2.76 

0.12 

3.04 

0.13 

0.35 

.06 0.73 0.08 

U3 

75.31 

3.18 

13.57 

0.68 

2.92 

0.22 

3.51 0.1 

l 2.68 

0.12 

2.80 

0.12 

0.32 

.06 0.65 0.08 

U3 

69.18 

2.93 

13.44 

0.67 

2.78 

0.21 

4.14 0.1 

2.19 

0.10 

3.24 

0.14 

0.35 

.06 0.69 0.08 

U3 

73.00 

3.08 

13.37 

0.67 

2.99 

0.22 

3.89 0.1 

2.82 

0.12 

3.08 

0.13 

0.30 

.06 0.83 0.09 

U3 

74.73 

3.16 

12.32 

0.62 

2.56 

0.20 

3.66 0.1 

2.67 

0.12 

2.65 

0.12 

0.32 

.06 0.65 0.08 

U3 

72.08 

3.05 

14.29 

0.71 

3.38 

0.25 

3.99 0.1 

1.68 

0.09 

3.18 

0.14 

0.33 

.06 0.69 0.08 

U3 

74.78 

3.16 

11.64 

0.59 

3.25 

0.24 

3.65 0.1 

2.63 

0.12 

2.86 

0.13 

0.22 

.05 0.70 0.08 

U3 

75.65 

3.19 

13.94 

0.70 

2.81 

0.21 

3.48 0.1 

2.82 

0.12 

2.63 

0.12 

0.31 

.06 0.59 0.08 

U3 

75.04 

3.17 

13.78 

0.69 

2.78 

0.21 

3.60 0.1 

l 2.44 

0.11 

2.80 

0.12 

0.28 

.06 0.65 0.08 

U3 

75.11 

3.17 

13.42 

0.67 

2.55 

0.20 

3.65 0.1 

2.44 

0.11 

2.95 

0.13 

0.29 

.06 0.68 0.08 

U3 

72.57 

3.07 

13.69 

0.68 

2.88 

0.22 

3.98 0.1 

2.58 

0.12 

2.75 

0.12 

0.36 

.06 0.74 0.08 

U3 

72.60 

3.07 

13.04 

0.65 

2.52 

0.19 

3.78 0.1 

2.61 

0.12 

2.80 

0.12 

0.30 

.06 0.65 0.08 

U3 

74.95 

3.16 

13.38 

0.67 

2.77 

0.21 

3.51 0.1 

2.79 

0.12 

2.73 

0.12 

0.30 

.06 0.66 0.08 

U3 

71.34 

3.02 

13.75 

0.69 

3.06 

0.23 

3.95 0.1 

2.55 

0.12 

3.20 

0.14 

0.37 

.06 0.81 0.09 

U3 

72.87 

3.08 

13.92 

0.70 

3.00 

0.22 

3.60 0.1 

3.08 

0.13 

3.64 

0.15 

0.48 

.06 0.80 0.09 

U3 

76.15 

3.21 

12.77 

0.64 

2.73 

0.21 

3.72 0.1 

2.81 

0.12 

2.81 

0.12 

0.17 

.05 0.69 0.08 

U3 

73.11 

3.09 

14.22 

0.71 

3.00 

0.22 

3.76 0.1 

3.77 

0.15 

3.16 

0.14 

0.38 

.06 0.91 0.09 

U3 

73.37 

3.10 

13.63 

0.68 

2.78 

0.21 

3.90 0.1 

2.91 

0.13 

3.01 

0.13 

0.29 

.06 0.77 0.09 

U3 

75.02 

3.17 

12.83 

0.64 

2.64 

0.20 

3.66 0.1 

5 2.78 

0.12 

3.06 

0.13 

0.30 C 

1.06 0.84 0.09 

U3 

70.17 

2.97 

14.22 

0.71 

2.93 

0.22 

3.99 O.ll 

5 2.77 

0.12 

3.20 

0.14 

0.41 C 

1.06 0.85 0.09 

U3 

71.33 

3.01 

13.43 

0.67 

3.05 

0.23 

4.11 O.ll 

5 2.27 

0.11 

3.25 

0.14 

0.39 C 

1.06 0.72 0.08 

U3 

73.77 

3.12 

13.26 

0.66 

2.82 

0.21 

3.75 0.1 

5 2.69 

0.12 

2.70 

0.12 

0.31 C 

1.06 0.62 0.08 

U3 

73.11 

3.09 

14.13 

0.70 

2.72 

0.21 

3.33 0.1 

4 3.68 

0.15 

2.66 

0.12 

0.34 C 

1.06 0.65 0.08 

U3 

75.08 

3.17 

13.53 

0.68 

3.20 

0.24 

3.97 0.1 

5 2.50 

0.11 

2.96 

0.13 

0.38 C 

1.06 0.79 0.09 

U3 

72.66 

3.07 

13.64 

0.68 

3.06 

0.23 

3.94 0.1 

5 2.69 

0.12 

2.93 

0.13 

0.41 C 

1.06 0.67 0.08 

U3 

77.66 

3.28 

11.76 

0.59 

2.67 

0.20 

3.47 0.1 

4 2.67 

0.12 

2.81 

0.12 

0.33 C 

1.06 0.65 0.08 

U3 

72.35 

3.06 

13.69 

0.68 

3.29 

0.24 

3.86 0.1 

5 3.18 

0.13 

3.01 

0.13 

0.35 C 

1.06 0.69 0.08 

U3 

73.12 

3.09 

13.25 

0.66 

3.00 

0.22 

3.76 0.1 

5 2.40 

0.11 

2.67 

0.12 

0.36 C 

1.06 0.69 0.08 

U3 

75.01 

3.17 

12.37 

0.62 

2.83 

0.21 

3.68 0.1 

5 2.70 

0.12 

2.86 

0.13 

0.32 C 

1.06 0.69 0.08 

U3 

72.57 

3.07 

12.97 

0.65 

2.94 

0.22 

3.77 0.1 

5 2.34 

0.11 

2.77 

0.12 

0.31 C 

1.06 0.63 0.08 

U3 

72.59 

3.07 

12.74 

0.64 

3.19 

0.24 

3.65 0.1 

5 2.23 

0.11 

2.61 

0.12 

0.30 C 

1.06 0.56 0.07 

U3 

72.44 

3.06 

13.01 

0.65 

3.15 

0.23 

3.65 0.1 

4 2.49 

0.11 

2.79 

0.12 

0.28 C 

1.05 0.70 0.08 

U3 

71.73 

3.03 

14.26 

0.71 

3.09 

0.23 

3.89 0.1 

5 2.70 

0.12 

3.11 

0.13 

0.41 C 

1.06 0.79 0.09 

U3 

76.61 

3.23 

12.08 

0.61 

2.68 

0.20 

3.58 0.1 

4 2.58 

0.12 

2.49 

0.11 

0.27 C 

1.05 0.51 0.07 

U3 

75.47 

3.19 

13.62 

0.68 

2.86 

0.21 

3.56 0.1 

4 2.87 

0.12 

2.91 

0.13 

0.36 C 

1.06 0.69 0.08 

U3 

77.67 

3.28 

12.40 

0.62 

2.80 

0.21 

3.56 0.1 

4 2.53 

0.11 

2.69 

0.12 

0.34 C 

1.06 0.68 0.08 

U3 

70.78 

2.99 

14.42 

0.72 

2.97 

0.22 

3.82 0.1 

5 3.77 

0.15 

3.04 

0.13 

0.39 C 

1.06 0.89 0.09 

U3 

73.93 

3.12 

12.98 

0.65 

2.59 

0.20 

3.99 0.1 

5 2.23 

0.11 

2.56 

0.12 

0.33 C 

1.06 0.59 0.08 

U3 

72.34 

3.06 

12.95 

0.65 

2.79 

0.21 

3.67 0.1 

5 2.96 

0.13 

2.79 

0.12 

0.30 C 

1.06 0.63 0.08 

U3 

74.77 

3.16 

13.01 

0.65 

2.88 

0.22 

3.79 0.1 

5 2.16 

0.10 

2.38 

0.11 

0.25 C 

1.05 0.64 0.08 

U3 

74.80 

3.16 

12.83 

0.64 

2.87 

0.22 

4.05 0.1 

S 2.63 

0.12 

3.08 

0.13 

0.40 C 

1.06 0.70 0.08 

U3 

72.81 

3.08 

13.24 

0.66 

2.88 

0.22 

3.74 0.1 

5 2.56 

0.12 

2.56 

0.12 

0.30 C 

1.06 0.64 0.08 

U4 

70.57 

2.98 

13.34 

0.67 

3.15 

0.23 

3.82 0.1 

5 1.86 

0.09 

2.90 

0.13 

0.32 C 

1.06 0.68 0.08 

U4 

74.09 

3.13 

12.97 

0.65 

2.68 

0.20 

3.18 0.1 

3 2.59 

0.12 

2.68 

0.12 

0.27 C 

1.05 0.53 0.07 

U4 

70.58 

2.98 

13.48 

0.67 

3.19 

0.23 

3.64 0.1 

4 2.05 

0.10 

2.95 

0.13 

0.38 C 

1.06 0.66 0.08 

U4 

71.80 

3.03 

13.55 

0.68 

3.32 

0.24 

3.70 0.1 

5 1.95 

0.10 

2.78 

0.12 

0.32 C 

1.06 0.58 0.08 

U4 

74.93 

3.16 

13.39 

0.67 

3.17 

0.23 

3.81 0.1 

5 1.76 

0.09 

2.71 

0.12 

0.28 C 

1.06 0.58 0.08 

U4 

72.37 

3.06 

13.89 

0.69 

3.29 

0.24 

3.90 0.1 

5 2.03 

0.10 

3.03 

0.13 

0.34 C 

1.06 0.70 0.08 

U4 

71.32 

3.01 

14.02 

0.70 

2.85 

0.21 

3.51 0.1 

4 2.86 

0.12 

2.85 

0.13 

0.33 C 

1.06 0.65 0.08 

U4 

74.59 

3.15 

12.83 

0.64 

2.85 

0.21 

3.52 0.1 

4 2.51 

0.11 

2.64 

0.12 

0.23 C 

>.05 0.54 0.07 

U4 

72.84 

3.08 

13.40 

0.67 

3.22 

0.24 

3.80 0.1 

5 1.70 

0.09 

2.96 

0.13 

0.35 C 

1.06 0.70 0.08 
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U4 71.12 

U4 72.55 

U4 72.86 

U4 70.15 

U4 72.21 

U4 70.34 

U4 71.90 

U4 71.27 

U4 75.30 

U4 70.37 

U4 70.77 

U4 70.40 

U4 72.06 

U4 68.47 

U4 71.07 

U4 69.80 

U4 71.66 

U4 72.90 

U4 71.93 

U4 70.80 

U4 69.83 

U4 70.76 

U4 71.83 

U4 71.05 

U4 70.65 

U4 72.62 

U4 71.83 

U4 71.47 

U4 71.48 

U4 70.70 

U4 70.71 

U4 71.25 

U4 73.14 

U4 71.51 

U4 66.62 

U4 71.18 

U4 74.47 

U4 70.18 

U4 72.12 

U4 73.37 

U4 72.71 

U4 69.88 

U4 72.82 

U4 71.46 

U4 70.67 

U4 71.27 

U4 70.55 

U4 72.04 

U4 71.42 

U4 74.58 

U4 70.88 

U4 70.45 

U4 71.44 

U4 71.81 

U4 70.00 

U4 71.68 

U4 72.24 

U4 70.92 

U4 72.44 

U4 69.91 

U4 72.63 

U4 70.58 


3.01 14.12 0.70 

3.07 14.61 0.73 

3.08 13.50 0.68 

2.97 15.01 0.75 

3.05 14.29 0.71 

2.97 13.81 0.69 

3.04 13.89 0.69 

3.01 12.81 0.64 

3.18 13.34 0.67 

2.98 14.88 0.74 

2.99 14.98 0.74 

2.98 13.63 0.68 

3.04 13.78 0.69 

2.90 15.40 0.76 

3.00 14.92 0.74 

2.95 14.37 0.72 

3.03 15.04 0.75 

3.08 13.76 0.69 

3.04 13.97 0.70 

2.99 15.32 0.76 

2.95 16.33 0.81 

2.99 15.26 0.76 

3.04 14.90 0.74 

3.00 15.89 0.79 

2.99 15.21 0.75 

3.07 13.87 0.69 

3.04 13.26 0.66 

3.02 14.01 0.70 

3.02 15.00 0.74 

2.99 15.58 0.77 

2.99 16.02 0.79 

3.01 15.08 0.75 

3.09 12.94 0.65 

3.02 13.48 0.67 

2.82 17.73 0.87 

3.01 15.55 0.77 

3.15 13.97 0.70 

2.97 15.11 0.75 

3.05 14.50 0.72 

3.10 13.08 0.66 

3.07 15.05 0.75 

2.95 15.38 0.76 

3.08 15.59 0.77 

3.02 15.40 0.76 

2.99 14.14 0.71 

3.01 13.49 0.67 

2.98 13.14 0.66 

3.04 14.85 0.74 

3.02 13.56 0.68 

3.15 13.50 0.68 

3.00 14.11 0.70 

2.98 13.17 0.66 

3.02 14.78 0.73 

3.03 15.02 0.75 

2.96 15.08 0.75 

3.03 15.27 0.76 

3.05 13.88 0.69 

3.00 13.00 0.65 

3.06 13.88 0.69 

2.96 15.52 0.77 

3.07 15.34 0.76 

2.98 15.02 0.75 


3.46 0.25 3.68 

3.36 0.25 3.72 

2.75 0.21 3.39 

2.84 0.21 3.46 

3.40 0.25 3.82 

3.26 0.24 3.86 

3.24 0.24 3.63 

3.08 0.23 3.80 

2.57 0.20 3.24 

2.77 0.21 3.48 

3.05 0.23 3.56 

3.19 0.24 3.81 

2.73 0.21 3.36 

2.55 0.20 3.36 

2.86 0.21 3.41 

2.64 0.20 3.49 

2.91 0.22 3.49 

3.01 0.22 3.76 

3.34 0.24 3.89 

3.31 0.24 3.63 

2.83 0.21 3.24 

2.73 0.21 3.40 

2.80 0.21 3.41 

2.85 0.21 3.41 

3.13 0.23 3.55 

3.31 0.24 3.77 

3.08 0.23 3.91 

3.25 0.24 3.75 

2.74 0.21 3.43 

2.78 0.21 3.42 

2.88 0.22 3.40 

2.87 0.21 3.36 

3.02 0.22 3.69 

3.22 0.24 3.86 

2.18 0.17 3.18 

2.84 0.21 3.39 

2.74 0.21 3.40 

2.78 0.21 3.45 

3.01 0.22 3.41 

2.60 0.20 3.23 

3.04 0.23 3.45 

2.73 0.21 3.47 

2.93 0.22 3.49 

2.86 0.21 3.29 

3.26 0.24 3.92 

3.35 0.24 3.75 

3.06 0.23 3.89 

2.89 0.22 3.46 

3.14 0.23 3.76 

2.86 0.21 3.27 

3.30 0.24 3.79 

3.02 0.22 3.69 

2.86 0.21 3.44 

2.87 0.21 3.41 

2.76 0.21 3.40 

2.83 0.21 3.45 

3.46 0.25 3.86 

2.86 0.21 3.68 

2.74 0.21 3.47 

2.73 0.21 3.33 

2.95 0.22 3.31 

2.74 0.21 3.46 


0.15 2.03 0.10 

0.15 2.17 0.10 

0.14 2.82 0.12 

0.14 3.59 0.15 

0.15 1.81 0.09 

0.15 2.04 0.10 

0.14 2.08 0.10 

0.15 1.86 0.09 

0.13 2.57 0.12 

0.14 3.51 0.14 

0.14 3.20 0.14 

0.15 1.94 0.10 

0.14 3.13 0.13 

0.14 4.03 0.16 

0.14 3.56 0.15 

0.14 3.56 0.15 

0.14 3.49 0.14 

0.15 2.05 0.10 

0.15 1.90 0.10 

0.14 3.41 0.14 

0.13 4.01 0.16 

0.14 3.63 0.15 

0.14 3.54 0.15 

0.14 3.92 0.16 

0.14 3.50 0.14 

0.15 2.02 0.10 

0.15 1.85 0.09 

0.15 1.92 0.10 

0.14 3.64 0.15 

0.14 3.91 0.16 

0.14 3.97 0.16 

0.14 3.47 0.14 

0.15 2.14 0.10 

0.15 1.99 0.10 

0.13 4.81 0.18 

0.14 3.82 0.15 

0.14 3.35 0.14 

0.14 3.75 0.15 

0.14 3.13 0.13 

0.13 2.58 0.12 

0.14 3.70 0.15 

0.14 3.84 0.15 

0.14 3.52 0.14 

0.13 3.61 0.15 

0.15 1.87 0.09 

0.15 2.06 0.10 

0.15 1.91 0.10 

0.14 3.53 0.14 

0.15 1.86 0.09 

0.13 2.89 0.13 

0.15 1.94 0.10 

0.15 2.17 0.10 

0.14 3.53 0.15 

0.14 3.52 0.14 

0.14 3.61 0.15 

0.14 3.68 0.15 

0.15 1.84 0.09 

0.15 2.69 0.12 

0.14 3.37 0.14 

0.14 3.86 0.15 

0.13 3.69 0.15 

0.14 3.72 0.15 


3.00 0.13 0.45 

3.15 0.13 0.38 

2.86 0.13 0.34 

2.81 0.12 0.34 

3.06 0.13 0.33 

3.04 0.13 0.41 

3.12 0.13 0.36 

2.83 0.12 0.28 

2.54 0.12 0.34 

2.75 0.12 0.34 

2.87 0.13 0.37 

3.18 0.14 0.38 

2.86 0.13 0.37 

2.96 0.13 0.39 

2.79 0.12 0.33 

2.68 0.12 0.38 

2.78 0.12 0.32 

2.83 0.13 0.41 

3.12 0.13 0.39 

2.82 0.12 0.34 

2.96 0.13 0.40 

2.84 0.13 0.27 

2.79 0.12 0.36 

2.89 0.13 0.32 

2.98 0.13 0.31 

2.92 0.13 0.37 

2.88 0.13 0.28 

2.99 0.13 0.29 

2.78 0.12 0.37 

2.68 0.12 0.40 

2.91 0.13 0.35 

2.79 0.12 0.36 

2.94 0.13 0.32 

2.93 0.13 0.37 

3.29 0.14 0.40 

2.94 0.13 0.27 

2.73 0.12 0.21 

2.88 0.13 0.35 

3.03 0.13 0.38 

2.69 0.12 0.29 

2.80 0.12 0.35 

2.80 0.12 0.35 

2.82 0.12 0.33 

2.84 0.13 0.33 

3.20 0.14 0.44 

2.94 0.13 0.36 

3.00 0.13 0.41 

2.77 0.12 0.33 

2.96 0.13 0.38 

2.74 0.12 0.35 

3.09 0.13 0.33 

2.93 0.13 0.34 

2.71 0.12 0.22 

2.72 0.12 0.34 

2.95 0.13 0.32 

2.83 0.13 0.29 

3.00 0.13 0.33 

2.70 0.12 0.37 

2.39 0.11 0.36 

2.92 0.13 0.43 

2.91 0.13 0.35 

2.87 0.13 0.33 


0.06 0.75 0.08 

0.06 0.72 0.08 

0.06 0.59 0.08 

0.06 0.64 0.08 

0.06 0.70 0.08 

0.06 0.65 0.08 

0.06 0.70 0.08 

0.05 0.63 0.08 

0.06 0.59 0.08 

0.06 0.63 0.08 

0.06 0.65 0.08 

0.06 0.69 0.08 

0.06 0.63 0.08 

0.06 0.62 0.08 

0.06 0.63 0.08 

0.06 0.58 0.08 

0.06 0.61 0.08 

0.06 0.58 0.08 

0.06 0.71 0.08 

0.06 0.63 0.08 

0.06 0.68 0.08 

0.05 0.65 0.08 

0.06 0.65 0.08 

0.06 0.68 0.08 

0.06 0.64 0.08 

0.06 0.60 0.08 

0.05 0.56 0.07 

0.06 0.64 0.08 

0.06 0.60 0.08 

0.06 0.66 0.08 

0.06 0.71 0.08 

0.06 0.64 0.08 

0.06 0.64 0.08 

0.06 0.61 0.08 

0.06 0.74 0.08 

0.05 0.66 0.08 

0.05 0.60 0.08 

0.06 0.63 0.08 

0.06 0.70 0.08 

0.06 0.55 0.07 

0.06 0.70 0.08 

0.06 0.61 0.08 

0.06 0.61 0.08 

0.06 0.60 0.08 

0.06 0.61 0.08 

0.06 0.66 0.08 

0.06 0.66 0.08 

0.06 0.59 0.08 

0.06 0.66 0.08 

0.06 0.60 0.08 

0.06 0.68 0.08 

0.06 0.59 0.08 

0.05 0.66 0.08 

0.06 0.63 0.08 

0.06 0.58 0.08 

0.06 0.57 0.08 

0.06 0.70 0.08 

0.06 0.54 0.07 

0.06 0.58 0.08 

0.06 0.65 0.08 

0.06 0.64 0.08 

0.06 0.60 0.08 
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U4 70.05 2.96 14.78 0.73 

U4 70.71 2.99 15.20 0.75 

U4 74.32 3.14 13.52 0.68 


2.71 0.21 3.41 0.14 3.65 0.15 

2.74 0.21 3.38 0.14 3.79 0.15 

2.61 0.20 3.29 0.13 2.66 0.12 


2.77 0.12 0.35 0.06 0.60 0.08 

2.85 0.13 0.32 0.06 0.67 0.08 

2.90 0.13 0.34 0.06 0.53 0.07 
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Appendix C 

EDS Agglomerate Analyses 


This Appendix contains the EDS raster data collected across agglomerates and BSE images 
and/or compositional maps identifying the 58 agglomerates characterized for their major 
element compositions with EDS. 



Table C.l: Compositions of 58 agglomerates in 15 samples measured by EDS. Analytical procedure is detailed in Chapter 4. Uncertainties 
are calculated as detailed in Chapter 6. 


Agglom- 

Sample erate SiC>2 lcr AI2O3 lcr Na20 lcr K2O la CaO la FeO la TiCU la MgO la 


AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 
AA.B B1 


75.78 3.20 
75.15 3.17 

70.13 2.96 

75.87 3.20 
74.58 3.15 
75.01 3.17 

76.40 3.22 

74.66 3.15 

74.26 3.14 

75.57 3.19 

73.86 3.12 

75.32 3.18 

74.66 3.15 

74.53 3.15 

72.78 3.08 

73.30 3.10 
73.44 3.10 

74.18 3.13 

73.46 3.10 
74.91 3.16 

73.50 3.10 

73.72 3.11 
74.00 3.13 

72.71 3.07 

72.23 3.05 

71.42 3.02 

73.89 3.12 

72.27 3.05 

71.88 3.04 
75.07 3.17 

74.88 3.16 

75.19 3.17 

72.24 3.05 

73.54 3.11 
74.07 3.13 
73.23 3.09 

71.49 3.02 

74.82 3.16 

72.48 3.06 

74.14 3.13 

75.40 3.18 


12.63 0.64 

12.78 0.64 

13.34 0.67 
13.75 0.69 

12.41 0.63 
14.13 0.70 

13.30 0.67 

13.83 0.69 

13.19 0.66 

12.37 0.62 

13.79 0.69 

14.47 0.72 

13.43 0.67 
13.78 0.69 
14.17 0.71 

13.71 0.69 
14.15 0.71 

13.69 0.68 

13.42 0.67 
14.08 0.70 

14.38 0.72 

14.35 0.71 
14.01 0.70 

13.97 0.70 

14.24 0.71 

13.62 0.68 
14.06 0.70 

14.36 0.72 
14.17 0.71 

14.63 0.73 

13.93 0.70 
13.40 0.67 

14.27 0.71 

14.29 0.71 

13.90 0.69 

12.83 0.64 

13.63 0.68 
14.04 0.70 
14.35 0.71 

14.43 0.72 

12.85 0.65 


3.66 0.26 

3.76 0.27 

3.88 0.28 

3.88 0.28 

3.60 0.26 

3.63 0.26 

3.63 0.26 

3.77 0.27 

3.59 0.26 

3.66 0.26 

3.90 0.28 

3.63 0.26 

3.83 0.27 

3.43 0.25 
3.82 0.27 

3.72 0.27 

3.48 0.25 

3.67 0.26 

3.60 0.26 

3.69 0.27 
4.03 0.29 
4.18 0.30 

3.60 0.26 

3.61 0.26 

3.70 0.27 

3.52 0.26 

3.71 0.27 

3.98 0.28 
4.07 0.29 

3.76 0.27 
3.80 0.27 

3.76 0.27 
4.08 0.29 

3.96 0.28 

4.21 0.30 

3.48 0.25 
3.74 0.27 
3.92 0.28 

4.22 0.30 
4.35 0.31 

3.98 0.28 


3.29 0.13 

3.43 0.14 

3.76 0.15 

3.42 0.14 

3.47 0.14 

3.36 0.14 
3.25 0.13 

3.52 0.14 

3.38 0.14 

3.46 0.14 

3.88 0.15 

3.27 0.13 
3.56 0.14 

3.27 0.13 

3.49 0.14 

3.64 0.14 

3.27 0.13 

3.42 0.14 

3.46 0.14 

3.50 0.14 

3.86 0.15 

3.93 0.15 

3.43 0.14 

3.36 0.14 

3.56 0.14 

3.49 0.14 

3.50 0.14 

3.86 0.15 

3.73 0.15 
3.34 0.14 

3.57 0.14 

3.74 0.15 
4.04 0.16 

3.93 0.15 
4.03 0.16 

3.49 0.14 

3.70 0.15 

3.65 0.15 
4.20 0.16 
4.06 0.16 
3.81 0.15 


2.59 0.12 

2.52 0.11 

2.22 0.11 

2.30 0.11 
2.26 0.11 

2.93 0.13 
2.78 0.12 

2.61 0.12 

2.64 0.12 

2.67 0.12 

2.75 0.12 

2.85 0.12 

2.32 0.11 

2.87 0.13 

2.65 0.12 

2.49 0.11 
3.08 0.13 

2.71 0.12 

2.54 0.11 

2.54 0.12 
2.02 0.10 

1.92 0.10 

2.88 0.13 

2.85 0.12 

2.75 0.12 

2.42 0.11 

2.41 0.11 
2.13 0.10 

2.29 0.11 

2.93 0.13 

2.44 0.11 
2.18 0.10 

1.64 0.09 

2.27 0.11 

1.96 0.10 

2.55 0.12 
2.34 0.11 
2.16 0.10 
2.06 0.10 

2.31 0.11 

1.98 0.10 


2.47 0.11 

2.43 0.11 

2.74 0.12 

2.72 0.12 

2.53 0.12 

2.49 0.11 

2.32 0.11 

2.55 0.12 

2.63 0.12 

2.64 0.12 

2.97 0.13 

2.63 0.12 

2.66 0.12 

2.64 0.12 

2.57 0.12 

2.41 0.11 

2.53 0.12 

2.54 0.12 

2.59 0.12 

2.55 0.12 
3.07 0.13 

2.96 0.13 

2.58 0.12 

2.63 0.12 

2.98 0.13 
2.53 0.12 

2.56 0.12 

2.87 0.13 

2.77 0.12 

2.57 0.12 

2.66 0.12 

2.41 0.11 

2.98 0.13 

2.75 0.12 

2.64 0.12 

2.46 0.11 

2.61 0.12 

2.57 0.12 
2.82 0.12 
2.62 0.12 

2.55 0.12 


0.25 0.05 
0.23 0.05 
0.33 0.06 
0.22 0.05 
0.23 0.05 
0.28 0.06 
0.29 0.06 
0.31 0.06 
0.32 0.06 
0.30 0.06 
0.25 0.05 
0.14 0.05 
0.33 0.06 
0.29 0.06 
0.34 0.06 
0.34 0.06 
0.30 0.06 
0.36 0.06 
0.37 0.06 
0.23 0.05 
0.39 0.06 
0.22 0.05 
0.30 0.06 
0.22 0.05 
0.25 0.05 
0.41 0.06 
0.24 0.05 
0.41 0.06 
0.36 0.06 
0.24 0.05 
0.29 0.06 
0.13 0.05 
0.37 0.06 
0.33 0.06 
0.30 0.06 
0.17 0.05 
0.38 0.06 
0.23 0.05 
0.29 0.06 
0.31 0.06 
0.29 0.06 


0.73 0.08 
0.76 0.08 
0.87 0.09 
0.80 0.09 
0.71 0.08 
0.79 0.09 
0.74 0.08 
0.79 0.09 
0.68 0.08 
0.72 0.08 
0.81 0.09 
0.83 0.09 
0.77 0.09 
0.68 0.08 
0.79 0.09 
0.77 0.09 
0.75 0.08 
0.76 0.08 
0.82 0.09 
0.80 0.09 
0.88 0.09 
0.74 0.08 
0.66 0.08 
0.70 0.08 
0.81 0.09 
0.79 0.09 
0.75 0.08 
0.86 0.09 
0.76 0.08 
0.74 0.08 
0.79 0.09 
0.78 0.09 
0.82 0.09 
0.81 0.09 
0.70 0.08 
0.69 0.08 
0.83 0.09 
0.87 0.09 
0.87 0.09 
0.77 0.09 
0.64 0.08 
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AA.B B1 
AA.B B1 
AA.B B2 
AA.B B2 
AA.B B2 
AA.B B2 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 


73.70 3.11 

74.69 3.15 

73.43 3.10 

70.76 2.99 

73.62 3.11 

72.71 3.07 

74.50 3.15 

73.84 3.12 

72.25 3.05 

73.39 3.10 

70.45 2.98 

74.38 3.14 

75.70 3.20 

69.30 2.93 

74.10 3.13 

73.70 3.11 
73.08 3.09 

69.73 2.95 

72.37 3.06 
73.01 3.08 
71.27 3.01 

71.35 3.02 

74.72 3.16 

72.26 3.05 

73.91 3.12 
73.94 3.12 

75.44 3.19 

72.27 3.05 

75.18 3.17 

72.39 3.06 

72.16 3.05 

73.45 3.10 

78.33 3.30 

74.91 3.16 

71.96 3.04 

73.27 3.10 

74.31 3.14 

70.89 3.00 
72.42 3.06 

73.81 3.12 

73.29 3.10 

76.40 3.22 

76.23 3.22 

72.69 3.07 

71.92 3.04 
75.14 3.17 


13.53 0.68 

12.18 0.61 

13.39 0.67 

13.23 0.66 

13.40 0.67 

14.41 0.72 
13.00 0.65 

13.74 0.69 

13.90 0.69 

13.70 0.68 

12.22 0.62 
13.94 0.70 

14.45 0.72 

13.72 0.69 

13.89 0.69 

14.29 0.71 

13.66 0.68 

13.73 0.69 

13.21 0.66 

13.33 0.67 

13.58 0.68 
15.04 0.75 
12.99 0.65 

14.10 0.70 

13.60 0.68 

13.76 0.69 

13.72 0.69 

14.41 0.72 

13.96 0.70 

15.15 0.75 

14.40 0.72 
13.87 0.69 

10.16 0.52 

12.42 0.63 

14.42 0.72 

13.77 0.69 

12.62 0.63 

13.53 0.68 

14.46 0.72 

13.36 0.67 

13.33 0.67 

11.47 0.58 

12.11 0.61 

13.33 0.67 

13.65 0.68 

12.53 0.63 


3.77 0.27 

3.18 0.23 

4.64 0.32 

3.31 0.24 

3.22 0.24 
3.05 0.23 
3.04 0.23 
3.98 0.28 

4.16 0.29 

4.46 0.31 

4.48 0.31 

3.96 0.28 

3.83 0.27 

3.92 0.28 
3.98 0.28 

3.60 0.26 

3.92 0.28 
4.08 0.29 
4.13 0.29 
4.24 0.30 

4.19 0.30 

4.45 0.31 

2.69 0.20 

2.44 0.19 
3.09 0.23 

3.55 0.26 

3.60 0.26 
3.67 0.26 

3.57 0.26 

3.78 0.27 

3.84 0.28 

3.97 0.28 

3.17 0.23 

3.83 0.27 

3.47 0.25 

3.72 0.27 
3.80 0.27 

3.85 0.28 

3.84 0.28 

3.78 0.27 
4.06 0.29 

3.57 0.26 

3.65 0.26 

3.86 0.28 

3.89 0.28 

3.66 0.26 


3.61 0.14 

3.81 0.15 
4.25 0.16 
4.14 0.16 

4.23 0.16 
4.13 0.16 
3.91 0.15 

3.74 0.15 
3.80 0.15 
3.95 0.15 
4.02 0.16 

3.51 0.14 

3.23 0.13 

3.85 0.15 

3.57 0.14 

3.31 0.13 

3.62 0.14 
4.01 0.16 

3.89 0.15 
4.04 0.16 
4.07 0.16 

4.28 0.16 
3.95 0.15 

3.53 0.14 

3.56 0.14 

3.39 0.14 

3.36 0.14 

3.36 0.14 

3.40 0.14 

3.32 0.14 

3.52 0.14 

3.62 0.14 

3.21 0.13 

3.75 0.15 

3.29 0.13 
3.60 0.14 

3.72 0.15 

3.64 0.14 

3.56 0.14 
3.59 0.14 

3.90 0.15 

3.47 0.14 

3.49 0.14 

3.76 0.15 

3.73 0.15 

3.54 0.14 


2.51 0.11 

2.18 0.10 

2.24 0.11 

2.36 0.11 

2.58 0.12 

2.36 0.11 

2.59 0.12 

2.30 0.11 

2.24 0.11 
2.29 0.11 

2.35 0.11 

2.55 0.12 

2.46 0.11 

2.81 0.12 

2.44 0.11 

2.70 0.12 

2.52 0.11 

2.93 0.13 

2.25 0.11 

2.27 0.11 

2.42 0.11 
2.01 0.10 

2.50 0.11 

2.53 0.11 

2.49 0.11 

2.56 0.12 

2.47 0.11 

2.67 0.12 

2.42 0.11 

2.74 0.12 

2.66 0.12 

2.36 0.11 

1.48 0.08 
2.12 0.10 

2.64 0.12 

2.51 0.11 
2.07 0.10 

2.11 0.10 

2.51 0.11 

2.42 0.11 

2.18 0.10 

2.21 0.11 

2.22 0.11 

2.22 0.11 

1.94 0.10 

2.31 0.11 


2.53 0.12 

2.41 0.11 

2.42 0.11 

2.37 0.11 

2.51 0.12 

2.41 0.11 

2.46 0.11 

2.42 0.11 

2.70 0.12 

2.71 0.12 

2.72 0.12 

2.52 0.12 
2.55 0.12 

2.67 0.12 

2.70 0.12 

2.62 0.12 

2.51 0.12 

2.59 0.12 

2.47 0.11 

2.49 0.11 

2.38 0.11 

1.95 0.10 

2.46 0.11 

2.68 0.12 

2.52 0.12 

2.52 0.12 

2.46 0.11 

2.68 0.12 

2.45 0.11 

2.69 0.12 

2.54 0.12 

2.67 0.12 
2.09 0.10 

2.65 0.12 

2.55 0.12 

2.50 0.11 

2.48 0.11 

2.40 0.11 

2.55 0.12 

2.54 0.12 

2.52 0.12 

2.37 0.11 

2.41 0.11 

2.55 0.12 

2.47 0.11 

2.47 0.11 


0.37 0.06 
0.31 0.06 
0.31 0.06 
0.19 0.05 
0.21 0.05 
0.28 0.05 
0.21 0.05 
0.27 0.05 
0.30 0.06 
0.28 0.06 
0.25 0.05 
0.29 0.06 
0.32 0.06 
0.33 0.06 
0.35 0.06 
0.27 0.05 
0.31 0.06 
0.24 0.05 
0.27 0.05 
0.29 0.06 
0.29 0.06 
0.16 0.05 
0.18 0.05 
0.21 0.05 
0.29 0.06 
0.32 0.06 
0.26 0.05 
0.26 0.05 
0.33 0.06 
0.27 0.05 
0.19 0.05 
0.31 0.06 
0.27 0.05 
0.32 0.06 
0.28 0.05 
0.26 0.05 
0.15 0.05 
0.29 0.06 
0.29 0.06 
0.26 0.05 
0.33 0.06 
0.23 0.05 
0.29 0.06 
0.36 0.06 
0.26 0.05 
0.33 0.06 


0.66 0.08 
0.70 0.08 
0.91 0.09 
0.68 0.08 
0.75 0.08 
0.76 0.08 
0.76 0.08 
0.73 0.08 
0.82 0.09 
0.85 0.09 
0.82 0.09 
0.74 0.08 
0.74 0.08 
0.75 0.08 
0.90 0.09 
0.80 0.09 
0.67 0.08 
0.69 0.08 
0.69 0.08 
0.76 0.08 
0.70 0.08 
0.72 0.08 
0.72 0.08 
0.71 0.08 
0.77 0.09 
0.81 0.09 
0.75 0.08 
0.73 0.08 
0.75 0.08 
0.74 0.08 
0.68 0.08 
0.83 0.09 
0.63 0.08 
0.67 0.08 
0.75 0.08 
0.74 0.08 
0.71 0.08 
0.74 0.08 
0.72 0.08 
0.71 0.08 
0.74 0.08 
0.65 0.08 
0.65 0.08 
0.74 0.08 
0.74 0.08 
0.75 0.08 
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AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AA.B B3 
AE.C C2 
AE.C C2 
AE.C C2 
AE.C C2 
AE.C C2 
AE.C C2 
AE.C C2 
AE.C C2 
AE.C Cl 
AE.C Cl 
AE.C Cl 
AE.C Cl 
AE.C Cl 
AE.C Cl 
AE.C Cl 
AE.C Cl 
AE.C Cl 
AE.C Cl 
AE.C Cl 
AE.C Cl 
AE.C C2 
AE.C C2 
AE.C C2 
AE.C C2 
AE.C C2 
AE.C C2 
AG.D D1 
AG.D D1 
AG.D D1 
AG.D D1 


74.26 3.14 

78.81 3.32 

71.90 3.04 

72.50 3.06 

73.37 3.10 

72.39 3.06 

73.61 3.11 

74.47 3.14 

72.36 3.06 

70.76 2.99 

73.33 3.10 

72.69 3.07 
75.08 3.17 

73.17 3.09 

72.34 3.06 

72.17 3.05 

76.53 3.23 

74.90 3.16 

76.62 3.23 

75.85 3.20 

76.67 3.24 

76.35 3.22 
75.46 3.19 

76.42 3.23 

71.96 3.04 

74.26 3.14 
74.25 3.14 

73.97 3.12 

73.15 3.09 

72.92 3.08 
72.55 3.07 

74.29 3.14 

74.33 3.14 

72.73 3.07 
73.94 3.12 

71.50 3.02 

76.86 3.24 

76.29 3.22 

77.14 3.26 

76.16 3.21 

78.30 3.30 

76.92 3.25 

72.69 3.07 

72.63 3.07 
73.05 3.09 

73.85 3.12 


12.06 0.61 

10.83 0.55 

14.41 0.72 

13.45 0.67 

12.85 0.65 

13.51 0.68 

13.16 0.66 
12.32 0.62 
13.57 0.68 

14.99 0.74 

13.78 0.69 

13.46 0.67 

12.92 0.65 

13.62 0.68 
14.72 0.73 

13.37 0.67 

12.14 0.61 

12.26 0.62 
14.01 0.70 

13.64 0.68 

12.40 0.62 

13.26 0.66 
13.03 0.65 

12.65 0.64 
13.59 0.68 

14.38 0.72 

13.75 0.69 

14.26 0.71 

13.15 0.66 

13.69 0.68 
13.80 0.69 

14.48 0.72 
14.55 0.72 

15.16 0.75 
14.10 0.70 

15.34 0.76 

13.79 0.69 

13.21 0.66 

13.84 0.69 

13.87 0.69 

12.80 0.64 

13.49 0.68 

14.50 0.72 
13.94 0.70 
14.10 0.70 

15.50 0.77 


3.69 0.27 

3.12 0.23 
3.93 0.28 

3.95 0.28 

3.81 0.27 

3.84 0.27 

3.84 0.28 

3.75 0.27 
3.93 0.28 

3.98 0.28 
3.66 0.26 

3.99 0.28 

3.98 0.28 

4.16 0.29 
4.08 0.29 

4.12 0.29 
3.08 0.23 

3.23 0.24 

3.34 0.24 

3.34 0.24 
3.32 0.24 

3.29 0.24 

3.41 0.25 
2.68 0.20 

5.26 0.36 

2.87 0.22 

4.76 0.33 
4.45 0.31 
5.37 0.37 

4.64 0.32 

4.26 0.30 

3.84 0.28 
4.02 0.29 
4.01 0.29 

3.90 0.28 

4.39 0.31 

3.40 0.25 

3.12 0.23 
3.28 0.24 

3.15 0.23 
3.03 0.22 
3.04 0.23 

4.24 0.30 

3.92 0.28 

3.95 0.28 

4.13 0.29 


3.65 0.15 

3.21 0.13 

3.74 0.15 

3.75 0.15 

3.61 0.14 
3.54 0.14 

3.66 0.15 
3.54 0.14 

3.73 0.15 

3.66 0.15 

3.48 0.14 

3.88 0.15 

3.76 0.15 
3.87 0.15 
4.03 0.16 

3.96 0.15 
3.11 0.13 
3.09 0.13 

3.16 0.13 
3.25 0.13 

3.13 0.13 

3.29 0.13 

3.30 0.13 

3.29 0.13 

4.74 0.18 

3.90 0.15 

4.40 0.17 

3.77 0.15 

4.99 0.19 

4.53 0.17 
4.20 0.16 
3.63 0.14 

3.61 0.14 

3.70 0.15 

3.71 0.15 
4.20 0.16 

3.30 0.13 

3.27 0.13 

3.29 0.13 

3.30 0.13 
3.18 0.13 

3.22 0.13 

4.84 0.18 
4.86 0.18 

4.67 0.18 

4.49 0.17 


2.31 0.11 

1.78 0.09 

2.32 0.11 

1.92 0.10 

2.16 0.10 

2.34 0.11 

2.28 0.11 

2.15 0.10 

2.39 0.11 

2.78 0.12 

2.48 0.11 

2.50 0.11 

1.74 0.09 

2.15 0.10 

2.36 0.11 

2.47 0.11 

2.51 0.11 

2.48 0.11 

2.81 0.12 

2.60 0.12 

2.39 0.11 

2.60 0.12 

2.51 0.11 

2.79 0.12 

1.85 0.09 
2.22 0.11 
1.95 0.10 
2.12 0.10 
2.04 0.10 

1.93 0.10 

1.98 0.10 

2.42 0.11 

2.24 0.11 

2.53 0.11 

2.13 0.10 

2.16 0.10 
2.73 0.12 

2.80 0.12 

2.72 0.12 

2.90 0.13 

2.67 0.12 

2.82 0.12 

1.36 0.08 

1.30 0.08 

1.14 0.07 

1.43 0.08 


2.42 0.11 
2.08 0.10 
2.69 0.12 

2.65 0.12 

2.75 0.12 
2.58 0.12 

2.50 0.11 

2.43 0.11 

2.68 0.12 
2.56 0.12 

2.44 0.11 

2.53 0.12 

2.39 0.11 

2.36 0.11 

2.48 0.11 

2.38 0.11 

2.49 0.11 

2.49 0.11 

2.77 0.12 

2.78 0.12 

2.56 0.12 

2.67 0.12 

2.80 0.12 

2.65 0.12 

2.62 0.12 

2.67 0.12 

2.76 0.12 

2.82 0.12 

2.63 0.12 

2.68 0.12 

2.71 0.12 

2.69 0.12 

2.72 0.12 

2.67 0.12 

2.94 0.13 

2.77 0.12 

2.72 0.12 

2.57 0.12 

2.65 0.12 

2.68 0.12 

2.60 0.12 

2.61 0.12 

2.51 0.12 

2.50 0.11 

2.17 0.10 

2.35 0.11 


0.27 0.05 
0.25 0.05 
0.27 0.05 
0.27 0.05 
0.31 0.06 
0.26 0.05 
0.36 0.06 
0.26 0.05 
0.27 0.05 
0.29 0.06 
0.19 0.05 
0.28 0.06 
0.20 0.05 
0.31 0.06 
0.26 0.05 
0.30 0.06 
0.23 0.05 
0.21 0.05 
0.25 0.05 
0.35 0.06 
0.26 0.05 
0.20 0.05 
0.26 0.05 
0.19 0.05 
0.28 0.06 
0.29 0.06 
0.23 0.05 
0.22 0.05 
0.31 0.06 
0.33 0.06 
0.34 0.06 
0.28 0.06 
0.36 0.06 
0.33 0.06 
0.33 0.06 
0.39 0.06 
0.36 0.06 
0.32 0.06 
0.35 0.06 
0.21 0.05 
0.22 0.05 
0.24 0.05 
0.19 0.05 
0.26 0.05 
0.31 0.06 
0.24 0.05 


0.65 0.08 
0.75 0.08 
0.73 0.08 
0.67 0.08 
0.67 0.08 
0.70 0.08 
0.73 0.08 
0.77 0.09 
0.77 0.09 
0.75 0.08 
0.75 0.08 
0.83 0.09 
0.68 0.08 
0.71 0.08 
0.75 0.08 
0.70 0.08 
0.60 0.08 
0.57 0.08 
0.63 0.08 
0.61 0.08 
0.63 0.08 
0.55 0.07 
0.56 0.07 
0.53 0.07 
0.62 0.08 
0.62 0.08 
0.57 0.08 
0.63 0.08 
0.58 0.08 
0.58 0.08 
0.63 0.08 
0.59 0.08 
0.65 0.08 
0.66 0.08 
0.60 0.08 
0.65 0.08 
0.59 0.08 
0.56 0.07 
0.62 0.08 
0.56 0.07 
0.53 0.07 
0.56 0.07 
0.57 0.07 
0.51 0.07 
0.49 0.07 
0.55 0.07 
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AG.D D1 
AG.D D1 
AG.D D1 
AG.D D1 
AG.D D1 
AG.D D1 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 
AG.D D2 

AG. D D2 

AH. E El 
AH.E El 
AH.E El 
AH.E El 
AH.E El 
AH.E El 
AH.E El 
AH.E El 
AH.E El 
AH.E E2 
AH.E E2 
AH.E E2 
AH.E E2 
AH.E E2 
AH.E E2 
AH.E E2 
AH.E E2 
AH.E E2 
AH.E E2 
AH.E E2 
AH.E E2 


72.77 3.07 

76.51 3.23 

75.50 3.19 

73.49 3.10 
74.71 3.15 

74.13 3.13 
74.27 3.14 

70.68 2.99 

73.35 3.10 

70.78 2.99 
70.07 2.96 

73.98 3.12 

71.95 3.04 

69.69 2.95 

73.25 3.09 

98.20 4.13 

69.60 2.94 
72.07 3.05 

69.45 2.94 

74.95 3.16 
75.04 3.17 

76.60 3.23 

70.70 2.99 

68.75 2.91 

73.59 3.11 
76.57 3.23 

73.64 3.11 

74.23 3.13 

73.56 3.11 

72.97 3.08 

73.50 3.10 

71.16 3.01 

72.51 3.06 

71.47 3.02 
75.53 3.19 

76.23 3.22 

75.36 3.18 

76.48 3.23 
76.05 3.21 

75.11 3.17 

75.16 3.17 

75.36 3.18 
81.00 3.42 

75.30 3.18 

75.61 3.19 

76.87 3.24 


13.04 0.65 

12.65 0.64 
14.00 0.70 

12.87 0.65 
12.57 0.63 

13.12 0.66 
14.02 0.70 

14.22 0.71 

12.95 0.65 

15.14 0.75 

16.45 0.81 

13.65 0.68 

14.61 0.73 

14.76 0.73 
14.47 0.72 

0.48 0.07 

14.97 0.74 
15.32 0.76 

16.35 0.81 

13.46 0.67 

13.94 0.70 

12.14 0.61 

15.78 0.78 

15.77 0.78 
14.00 0.70 
13.09 0.66 
14.00 0.70 

13.73 0.69 

14.15 0.71 

13.97 0.70 

14.23 0.71 
13.08 0.66 

13.60 0.68 
13.68 0.68 
14.00 0.70 
14.06 0.70 
13.28 0.67 

13.56 0.68 

13.55 0.68 

13.91 0.69 

13.62 0.68 
14.41 0.72 

11.21 0.57 

13.99 0.70 

13.38 0.67 

13.96 0.70 


4.40 0.31 
3.81 0.27 

3.93 0.28 

3.79 0.27 
3.14 0.23 
4.07 0.29 

3.62 0.26 

3.61 0.26 

3.55 0.26 

3.60 0.26 

3.62 0.26 

3.40 0.25 

3.89 0.28 

3.51 0.25 

3.31 0.24 
0.12 0.04 

3.80 0.27 

3.56 0.26 
3.44 0.25 
3.72 0.27 

3.16 0.23 
3.13 0.23 

3.46 0.25 

3.93 0.28 

3.40 0.25 
4.08 0.29 
4.22 0.30 
4.33 0.31 
4.06 0.29 

3.92 0.28 
2.83 0.21 

3.62 0.26 
4.75 0.33 

4.97 0.34 

3.19 0.24 
3.27 0.24 

3.21 0.24 

3.17 0.23 

3.10 0.23 

3.11 0.23 

3.22 0.24 

2.97 0.22 

2.90 0.22 

3.20 0.24 

3.32 0.24 

3.30 0.24 


4.34 0.17 

3.96 0.15 
4.03 0.16 
4.01 0.16 
4.09 0.16 

4.18 0.16 

3.87 0.15 
3.69 0.15 

3.56 0.14 
3.79 0.15 

3.48 0.14 

3.36 0.14 

3.73 0.15 
3.81 0.15 

3.49 0.14 
0.19 0.04 

3.78 0.15 

3.79 0.15 
3.43 0.14 

3.73 0.15 
4.16 0.16 

3.50 0.14 

3.58 0.14 
4.08 0.16 

3.59 0.14 
4.02 0.16 

4.12 0.16 

4.51 0.17 

4.49 0.17 

3.88 0.15 

4.47 0.17 

5.50 0.20 

4.96 0.19 

4.92 0.18 
3.26 0.13 

3.35 0.14 

3.22 0.13 

3.36 0.14 

3.30 0.13 

3.30 0.13 

3.20 0.13 
3.24 0.13 

2.92 0.12 
3.26 0.13 

3.31 0.13 

3.32 0.14 


1.60 0.09 

1.49 0.08 

1.70 0.09 

1.55 0.09 
1.44 0.08 

1.60 0.09 

1.38 0.08 

1.74 0.09 
1.84 0.09 

1.59 0.09 

1.96 0.10 
2.04 0.10 

2.35 0.11 
1.42 0.08 

2.56 0.12 
0.03 0.04 

2.52 0.11 

1.39 0.08 

2.19 0.10 
2.00 0.10 

1.75 0.09 

1.94 0.10 
2.00 0.10 

1.77 0.09 

1.65 0.09 
0.97 0.07 

1.21 0.07 
1.09 0.07 
1.14 0.07 

1.19 0.07 

1.10 0.07 

1.25 0.08 
0.95 0.07 
1.02 0.07 

2.11 0.10 
2.10 0.10 

1.93 0.10 

2.12 0.10 
2.02 0.10 
2.09 0.10 

1.98 0.10 

2.12 0.10 

1.59 0.09 

2.13 0.10 

1.96 0.10 

1.89 0.10 


2.74 0.12 

2.40 0.11 
2.74 0.12 

2.65 0.12 

2.63 0.12 

2.59 0.12 

2.79 0.12 

2.91 0.13 

2.56 0.12 

2.99 0.13 

3.26 0.14 

2.59 0.12 

2.79 0.12 

3.11 0.13 

2.95 0.13 
0.17 0.04 

2.80 0.12 

2.90 0.13 

3.26 0.14 

2.76 0.12 

2.61 0.12 

2.66 0.12 
3.09 0.13 

2.98 0.13 

2.87 0.13 

2.53 0.12 
2.79 0.12 

2.62 0.12 

2.67 0.12 

2.88 0.13 

2.81 0.12 

2.41 0.11 

2.33 0.11 

2.48 0.11 

2.68 0.12 

2.78 0.12 

2.81 0.12 

2.86 0.13 

2.98 0.13 

2.87 0.13 

2.92 0.13 

2.78 0.12 
2.46 0.11 

2.87 0.13 

2.81 0.12 

2.82 0.12 


0.27 0.05 
0.26 0.05 
0.37 0.06 
0.33 0.06 
0.37 0.06 
0.31 0.06 
0.35 0.06 
0.38 0.06 
0.32 0.06 
0.41 0.06 
0.53 0.06 
0.32 0.06 
0.34 0.06 
0.45 0.06 
0.36 0.06 
0.03 0.05 
0.43 0.06 
0.43 0.06 
0.50 0.06 
0.40 0.06 
0.29 0.06 
0.24 0.05 
0.54 0.06 
0.44 0.06 
0.30 0.06 
0.25 0.05 
0.36 0.06 
0.35 0.06 
0.37 0.06 
0.34 0.06 
0.27 0.05 
0.35 0.06 
0.29 0.06 
0.27 0.05 
0.31 0.06 
0.43 0.06 
0.28 0.06 
0.36 0.06 
0.32 0.06 
0.30 0.06 
0.33 0.06 
0.36 0.06 
0.16 0.05 
0.29 0.06 
0.33 0.06 
0.32 0.06 


0.60 0.08 
0.61 0.08 
0.61 0.08 
0.57 0.07 
0.56 0.07 
0.54 0.07 
0.67 0.08 
0.69 0.08 
0.59 0.08 
0.81 0.09 
0.88 0.09 
0.71 0.08 
0.67 0.08 
0.72 0.08 
0.65 0.08 
0.13 0.05 
0.74 0.08 
0.76 0.08 
0.93 0.09 
0.80 0.09 
0.62 0.08 
0.58 0.08 
0.89 0.09 
0.84 0.09 
0.78 0.09 
0.66 0.08 
0.80 0.09 
0.70 0.08 
0.74 0.08 
0.74 0.08 
0.76 0.09 
0.73 0.08 
0.69 0.08 
0.71 0.08 
0.79 0.09 
0.80 0.09 
0.78 0.09 
0.76 0.09 
0.80 0.09 
0.77 0.09 
0.76 0.08 
0.84 0.09 
0.71 0.08 
0.72 0.08 
0.73 0.08 
0.80 0.09 
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AH.E E2 
FLD10 FLDlO.Li 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLDIO FLDIO.L 
FLD14 FLD14.L 
FLD14 FLD14.L 
FLD14 FLD14.L 
FLD14 FLD14.L 
FLD14 FLD14.L 
FLD14 FLD14.L 
FLD14 FLD14.L 
FLD14 FLD14.L 
FLD14 FLD14.L 
FLD14 FLD14.L 
FLD14 FLD14.L 
FLD14 FLD14.L 
FLD14 FLD14.L 
FLD14 FLD14.L 
FLD14 FLD14.L 


77.35 3.26 

71.82 3.04 

75.18 3.17 
73.76 3.12 

75.68 3.19 

73.10 3.09 

73.10 3.09 
74.06 3.13 

72.72 3.07 

74.73 3.16 

74.79 3.16 

74.20 3.13 

72.13 3.05 
75.08 3.17 

73.26 3.09 

74.47 3.14 
74.00 3.13 

72.73 3.07 

76.52 3.23 

75.79 3.20 

71.92 3.04 

74.62 3.15 

73.73 3.11 

74.46 3.14 

75.73 3.20 

71.97 3.04 

72.92 3.08 

74.82 3.16 

75.47 3.19 

72.31 3.06 

72.90 3.08 

74.58 3.15 

72.65 3.07 

74.68 3.15 

72.90 3.08 

74.83 3.16 

71.97 3.04 

75.93 3.21 
73.03 3.09 
74.06 3.13 

74.36 3.14 
73.55 3.11 

72.50 3.06 

73.93 3.12 
73.85 3.12 

74.90 3.16 


13.78 0.69 

13.82 0.69 

13.63 0.68 
12.61 0.63 

12.81 0.64 
13.05 0.65 

13.13 0.66 

12.90 0.65 

12.96 0.65 

13.28 0.67 

12.93 0.65 
12.67 0.64 

12.70 0.64 

13.47 0.67 

13.18 0.66 

13.42 0.67 

13.27 0.66 

13.20 0.66 

12.66 0.64 

13.48 0.67 
13.09 0.66 

13.70 0.68 

13.13 0.66 

12.96 0.65 

13.59 0.68 

12.67 0.64 

12.82 0.64 
13.06 0.66 

13.29 0.67 

12.90 0.65 
12.95 0.65 
13.35 0.67 

13.47 0.67 

14.18 0.71 
13.17 0.66 

13.83 0.69 
13.00 0.65 

13.24 0.66 

13.27 0.66 

13.53 0.68 

14.25 0.71 

14.26 0.71 
13.24 0.66 

13.47 0.67 
13.65 0.68 

13.94 0.70 


3.06 0.23 

2.96 0.22 

3.29 0.24 

2.99 0.22 

3.10 0.23 

3.30 0.24 

3.20 0.24 
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0.78 0.09 
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0.61 

0.08 

P 

FLD17 

FLD17.1 

73.67 

3.11 

13.72 

0.69 

3.77 

0.27 

4.11 

0.16 

1.51 

0.08 

2.92 

0.13 

0.29 

0.06 

0.52 

0.07 

Co 

FLD17 

FLD17.1 

76.56 

3.23 

13.30 

0.67 

3.08 

0.23 

3.49 

0.14 

2.84 

0.12 

2.86 

0.13 

0.27 

0.05 

0.56 

0.07 


FLD17 

FLD17.1 

80.09 

3.38 

11.23 

0.57 

2.93 

0.22 

3.54 

0.14 

2.17 

0.10 

2.67 

0.12 

0.24 

0.05 

0.54 

0.07 


FLD17 

FLD17.1 

75.57 

3.19 

12.23 

0.62 

3.37 

0.25 

4.01 

0.16 

1.51 

0.08 

2.93 

0.13 

0.33 

0.06 

0.54 

0.07 


FLD17 

FLD17.1 

76.38 

3.22 

13.28 

0.67 

3.14 

0.23 

3.59 

0.14 

2.66 

0.12 

2.81 

0.12 

0.30 

0.06 

0.59 

0.08 


FLD17 

FLD17.1 

75.05 

3.17 

13.64 

0.68 

3.31 

0.24 

3.74 

0.15 

2.68 

0.12 

2.88 

0.13 

0.32 

0.06 

0.67 

0.08 


FLD17 

FLD17.1 

79.40 

3.35 

9.76 

0.50 

2.82 

0.21 

3.57 

0.14 

1.63 

0.09 

2.86 

0.13 

0.26 

0.05 

0.52 

0.07 


FLD17 

FLD17.tail 

73.32 

3.10 

12.89 

0.65 

3.44 

0.25 

3.94 

0.15 

2.02 

0.10 

2.84 

0.13 

0.27 

0.05 

0.55 

0.07 


FLD17 

FLD17.tail 

74.70 

3.15 

13.42 

0.67 

3.56 

0.26 

3.93 

0.15 

2.73 

0.12 

2.83 

0.12 

0.27 

0.05 

0.67 

0.08 


FLD17 

FLD17.tail 

74.59 

3.15 

12.66 

0.64 

3.44 

0.25 

3.91 

0.15 

2.35 

0.11 

2.89 

0.13 

0.30 

0.06 

0.62 

0.08 


FLD17 

FLD17.tail 

74.69 

3.15 

12.64 

0.64 

3.51 

0.25 

3.89 

0.15 

2.36 

0.11 

2.76 

0.12 

0.27 

0.05 

0.55 

0.07 


FLD17 

FLD17.tail 

76.14 

3.21 

12.37 

0.62 

3.30 

0.24 

3.79 

0.15 

2.90 

0.13 

2.78 

0.12 

0.28 

0.06 

0.63 

0.08 


FLD17 

FLD17.tail 

74.54 

3.15 

12.42 

0.63 

3.62 

0.26 

3.96 

0.15 

2.87 

0.13 

3.11 

0.13 

0.33 

0.06 

0.65 

0.08 


FLD17 

FLD17.int.l 

77.92 

3.29 

12.64 

0.64 

2.99 

0.22 

3.77 

0.15 

1.79 

0.09 

2.64 

0.12 

0.26 

0.05 

0.55 

0.07 


FLD17 

FLD17.int.l 

75.72 

3.20 

13.08 

0.66 

2.99 

0.22 

3.67 

0.15 

1.88 

0.10 

2.78 

0.12 

0.28 

0.05 

0.56 

0.07 


FLD17 

FLD17.int.l 

76.79 

3.24 

13.21 

0.66 

3.06 

0.23 

3.69 

0.15 

1.98 

0.10 

2.75 

0.12 

0.30 

0.06 

0.60 

0.08 


FLD17 

FLD17.int.l 

77.58 

3.27 

11.54 

0.58 

2.85 

0.21 

3.70 

0.15 

2.00 

0.10 

2.59 

0.12 

0.28 

0.06 

0.51 

0.07 


FLD17 

FLD17.int.l 

75.60 

3.19 

13.02 

0.65 

3.06 

0.23 

3.70 

0.15 

2.03 

0.10 

2.77 

0.12 

0.32 

0.06 

0.56 

0.07 


FLD17 

FLD17.int.l 

78.39 

3.31 

12.82 

0.64 

3.08 

0.23 

3.68 

0.15 

2.02 

0.10 

2.71 

0.12 

0.31 

0.06 

0.59 

0.08 

o 

FLD17 

FLD17.2 

74.03 

3.13 

13.06 

0.66 

2.95 

0.22 

3.65 

0.15 

3.25 

0.14 

2.83 

0.12 

0.25 

0.05 

0.60 

0.08 

to 






FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD17 FLD17.2 
FLD18 FLD18.1 
FLD18 FLD18.1 
FLD18 FLD18.1 
FLD18 FLD18.1 
FLD18 FLD18.1 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 


77.01 3.25 
76.45 3.23 

76.35 3.22 

76.26 3.22 

76.47 3.23 

73.60 3.11 

77.23 3.26 

74.72 3.16 

75.40 3.18 

75.74 3.20 
76.05 3.21 

76.82 3.24 

77.26 3.26 

76.11 3.21 

76.25 3.22 
75.00 3.17 

75.22 3.18 

77.11 3.25 
76.43 3.23 
77.13 3.25 
73.63 3.11 
74.09 3.13 

72.48 3.06 

73.82 3.12 

74.70 3.15 
72.07 3.05 

73.35 3.10 

75.52 3.19 

74.25 3.14 

73.83 3.12 
75.03 3.17 
74.08 3.13 
72.05 3.04 
73.30 3.10 

74.49 3.15 

73.48 3.10 
75.05 3.17 

74.68 3.15 
75.39 3.18 

75.79 3.20 

77.20 3.26 
76.08 3.21 

76.93 3.25 

75.26 3.18 

75.68 3.19 

74.90 3.16 


12.97 0.65 

13.19 0.66 

13.65 0.68 

13.67 0.68 

13.20 0.66 

12.94 0.65 

12.47 0.63 
13.02 0.65 
13.55 0.68 
13.81 0.69 

13.76 0.69 

13.40 0.67 

13.42 0.67 

13.36 0.67 

13.24 0.66 
13.63 0.68 

13.53 0.68 

13.19 0.66 

12.72 0.64 

12.76 0.64 

13.22 0.66 

15.19 0.75 

13.22 0.66 

13.58 0.68 

13.75 0.69 

13.72 0.69 

13.84 0.69 

14.42 0.72 
13.57 0.68 

13.87 0.69 

12.69 0.64 
14.03 0.70 

13.67 0.68 
13.39 0.67 

13.73 0.69 
14.28 0.71 

13.61 0.68 

13.91 0.69 

13.42 0.67 

13.76 0.69 

14.61 0.73 

13.69 0.68 

14.62 0.73 

13.99 0.70 

14.49 0.72 

14.66 0.73 


2.99 0.22 

3.11 0.23 

2.96 0.22 
3.01 0.22 

2.93 0.22 

2.95 0.22 
3.13 0.23 

2.94 0.22 
3.01 0.22 
3.04 0.23 
3.01 0.22 

3.10 0.23 
3.03 0.22 
3.04 0.23 
3.04 0.23 
3.02 0.22 

3.12 0.23 
3.02 0.22 

2.92 0.22 
3.07 0.23 
3.00 0.22 

2.92 0.22 
3.03 0.23 
3.02 0.22 

2.34 0.18 

2.36 0.18 
2.33 0.18 

2.35 0.18 

2.84 0.21 
3.23 0.24 
3.59 0.26 

3.73 0.27 

2.92 0.22 

2.87 0.22 

2.96 0.22 
3.23 0.24 
2.89 0.22 
2.06 0.16 

1.75 0.15 

1.70 0.14 

1.62 0.14 
2.09 0.17 

1.96 0.16 

1.52 0.13 

1.78 0.15 
1.77 0.15 


3.48 0.14 
3.54 0.14 

3.53 0.14 
3.41 0.14 

3.36 0.14 
3.56 0.14 

3.54 0.14 

3.49 0.14 

3.40 0.14 

3.53 0.14 

3.41 0.14 

3.53 0.14 
3.40 0.14 

3.49 0.14 
3.40 0.14 
3.43 0.14 

3.58 0.14 

3.51 0.14 

3.47 0.14 

3.54 0.14 

3.93 0.15 

3.37 0.14 

3.84 0.15 
3.56 0.14 
3.89 0.15 

3.92 0.15 

3.69 0.15 

3.58 0.14 

3.67 0.15 

3.99 0.16 
4.06 0.16 
4.16 0.16 
3.77 0.15 

3.93 0.15 

3.62 0.14 

3.82 0.15 

3.52 0.14 
3.97 0.15 

3.83 0.15 

3.88 0.15 

3.85 0.15 

4.20 0.16 

3.86 0.15 

3.66 0.15 

3.91 0.15 

3.83 0.15 


3.06 0.13 
3.01 0.13 

3.13 0.13 

3.24 0.14 

2.92 0.13 

2.96 0.13 

2.78 0.12 
2.91 0.13 
3.06 0.13 

3.10 0.13 

3.38 0.14 
2.91 0.13 

2.71 0.12 

2.75 0.12 
3.02 0.13 
3.06 0.13 

3.10 0.13 
3.01 0.13 

2.68 0.12 
3.03 0.13 

2.76 0.12 

3.10 0.13 

2.75 0.12 

2.72 0.12 

2.66 0.12 

1.49 0.08 

1.54 0.08 

1.38 0.08 

1.49 0.08 

1.61 0.09 

1.79 0.09 

1.67 0.09 
1.60 0.09 

1.50 0.08 

1.65 0.09 

1.75 0.09 

1.55 0.09 

2.65 0.12 
2.32 0.11 

1.83 0.09 

1.38 0.08 
1.85 0.09 

1.49 0.08 

1.55 0.09 

1.62 0.09 

1.76 0.09 


2.72 0.12 

2.77 0.12 

2.76 0.12 

2.87 0.13 

2.80 0.12 

2.71 0.12 

2.75 0.12 

2.62 0.12 

2.79 0.12 

2.75 0.12 

2.89 0.13 

2.67 0.12 

2.72 0.12 

2.74 0.12 

2.76 0.12 

2.70 0.12 

2.65 0.12 

2.73 0.12 

2.75 0.12 

2.78 0.12 

2.81 0.12 

2.90 0.13 

2.88 0.13 

2.80 0.12 

2.77 0.12 

2.24 0.11 

2.19 0.11 
2.46 0.11 

2.80 0.12 

2.53 0.12 
2.72 0.12 

2.48 0.11 

2.71 0.12 
2.29 0.11 

2.72 0.12 

2.55 0.12 
2.85 0.13 
2.87 0.13 
3.31 0.14 

2.55 0.12 

2.39 0.11 

2.72 0.12 

2.63 0.12 

2.84 0.13 

2.59 0.12 

2.72 0.12 


0.27 0.05 
0.32 0.06 
0.32 0.06 
0.25 0.05 
0.29 0.06 
0.32 0.06 
0.30 0.06 
0.34 0.06 
0.23 0.05 
0.31 0.06 
0.30 0.06 
0.29 0.06 
0.31 0.06 
0.28 0.06 
0.36 0.06 
0.28 0.05 
0.28 0.05 
0.25 0.05 
0.27 0.05 
0.24 0.05 
0.31 0.06 
0.32 0.06 
0.31 0.06 
0.32 0.06 
0.28 0.06 
0.32 0.06 
0.29 0.06 
0.36 0.06 
0.31 0.06 
0.36 0.06 
0.33 0.06 
0.35 0.06 
0.34 0.06 
0.35 0.06 
0.28 0.05 
0.31 0.06 
0.36 0.06 
0.34 0.06 
0.29 0.06 
0.32 0.06 
0.31 0.06 
0.32 0.06 
0.31 0.06 
0.34 0.06 
0.39 0.06 
0.32 0.06 


0.55 0.07 
0.58 0.08 
0.61 0.08 
0.64 0.08 
0.59 0.08 
0.55 0.07 
0.54 0.07 
0.52 0.07 
0.59 0.08 
0.57 0.07 
0.65 0.08 
0.58 0.08 
0.59 0.08 
0.57 0.07 
0.57 0.07 
0.56 0.07 
0.58 0.08 
0.59 0.08 
0.53 0.07 
0.57 0.08 
0.50 0.07 
0.83 0.09 
0.55 0.07 
0.83 0.09 
0.85 0.09 
0.37 0.06 
0.40 0.07 
0.45 0.07 
0.58 0.08 
0.59 0.08 
0.66 0.08 
0.53 0.07 
0.62 0.08 
0.57 0.07 
0.62 0.08 
0.62 0.08 
0.59 0.08 
0.86 0.09 
0.92 0.09 
0.79 0.09 
0.79 0.09 
0.83 0.09 
0.83 0.09 
0.82 0.09 
0.80 0.09 
0.83 0.09 


APPENDIX C. EDS AGGLOMERATE ANALYSES 







FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.2 
FLD18 FLD18.3 
FLD18 FLD18.3 
FLD18 FLD18.3 
FLD18 FLD18.3 
FLD18 FLD18.3 
FLD18 FLD18.3 
FLD18 FLD18.3 
FLD18 FLD18.3 
FLD18 FLD18.3 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD18 FLD18.4 
FLD21 FLD21.L 
FLD21 FLD21.L 
FLD21 FLD21.L 
FLD21 FLD21.L 
FLD21 FLD21.L 
FLD21 FLD21.L 
FLD21 FLD21.L 


75.04 3.17 

75.55 3.19 

76.94 3.25 

72.91 3.08 

76.92 3.25 

74.63 3.15 

75.26 3.18 

72.41 3.06 

74.22 3.13 

73.92 3.12 

73.72 3.11 

77.13 3.26 

75.64 3.19 

73.22 3.09 

75.33 3.18 

73.86 3.12 

75.63 3.19 

70.40 2.98 

72.74 3.07 

73.13 3.09 

74.20 3.13 
73.61 3.11 

73.10 3.09 

73.91 3.12 

74.30 3.14 

75.11 3.17 

72.18 3.05 

72.93 3.08 

73.46 3.10 

73.64 3.11 

73.35 3.10 

74.49 3.15 

74.56 3.15 

73.44 3.10 

72.66 3.07 

74.34 3.14 

74.46 3.14 

73.20 3.09 

72.89 3.08 

71.20 3.01 

75.36 3.18 
73.88 3.12 

72.52 3.06 

74.95 3.16 

72.83 3.08 

75.44 3.18 


13.78 0.69 

13.84 0.69 

14.29 0.71 

14.95 0.74 

13.90 0.69 

14.47 0.72 

14.36 0.72 

13.42 0.67 

13.72 0.69 

13.85 0.69 
14.09 0.70 
14.04 0.70 

13.35 0.67 

13.73 0.69 

13.70 0.68 

13.84 0.69 

12.64 0.64 

14.22 0.71 

13.95 0.70 

13.91 0.69 

13.46 0.67 

14.53 0.72 

14.44 0.72 

14.41 0.72 

14.54 0.72 

14.74 0.73 

14.57 0.73 

14.48 0.72 

14.31 0.71 

13.47 0.67 
14.68 0.73 
13.77 0.69 

13.50 0.68 
13.56 0.68 

13.37 0.67 

13.63 0.68 

13.70 0.68 

13.31 0.67 

13.33 0.67 

13.19 0.66 

14.55 0.72 
13.72 0.69 
14.00 0.70 

14.26 0.71 
14.16 0.71 
14.07 0.70 


1.46 0.13 

1.53 0.13 

1.70 0.14 

2.41 0.19 
2.08 0.17 

1.67 0.14 

1.59 0.14 

2.53 0.19 

2.53 0.19 
2.62 0.20 

2.64 0.20 

2.57 0.20 

2.67 0.20 

2.63 0.20 

2.52 0.19 

2.94 0.22 

3.65 0.26 

3.69 0.27 

3.87 0.28 
3.01 0.22 
3.30 0.24 

3.18 0.23 

2.66 0.20 

2.90 0.22 

2.87 0.22 
2.76 0.21 
3.07 0.23 

2.60 0.20 

2.97 0.22 

3.17 0.23 

2.67 0.20 
3.04 0.23 

2.95 0.22 

2.93 0.22 
2.75 0.21 
3.09 0.23 

3.20 0.24 

3.18 0.23 

3.78 0.27 
2.32 0.18 

2.44 0.19 

2.42 0.19 

2.42 0.19 

2.43 0.19 
2.49 0.19 

2.52 0.19 


3.71 0.15 

3.74 0.15 

3.85 0.15 

3.97 0.15 

4.20 0.16 

3.86 0.15 
3.76 0.15 

3.33 0.14 

3.31 0.13 

3.28 0.13 

3.18 0.13 
3.09 0.13 
3.30 0.13 

3.25 0.13 
3.14 0.13 

3.45 0.14 

4.17 0.16 

4.19 0.16 

4.18 0.16 

3.47 0.14 

3.69 0.15 

3.65 0.15 

3.22 0.13 
3.39 0.14 

3.29 0.13 
3.08 0.13 
3.56 0.14 
3.16 0.13 

3.43 0.14 

3.75 0.15 

3.19 0.13 

3.60 0.14 

3.45 0.14 
3.39 0.14 

3.26 0.13 

3.46 0.14 
3.62 0.14 

3.66 0.15 

4.19 0.16 

2.96 0.12 

2.90 0.12 

2.96 0.12 

2.71 0.12 

2.67 0.12 

2.82 0.12 

2.87 0.12 


1.63 0.09 

1.69 0.09 

1.79 0.09 

2.87 0.12 

1.27 0.08 

1.41 0.08 

1.68 0.09 

2.31 0.11 

2.63 0.12 

2.28 0.11 
2.24 0.11 

2.33 0.11 

2.30 0.11 

2.54 0.11 

2.55 0.12 
2.45 0.11 

2.30 0.11 

2.72 0.12 

2.42 0.11 

2.72 0.12 
2.45 0.11 

2.31 0.11 

2.72 0.12 

2.32 0.11 

2.20 0.10 
2.36 0.11 

2.26 0.11 

2.23 0.11 
2.41 0.11 

2.73 0.12 

2.26 0.11 

2.82 0.12 

2.79 0.12 

2.94 0.13 

2.55 0.12 

2.74 0.12 

2.90 0.13 

2.84 0.12 

2.67 0.12 
3.99 0.16 

4.20 0.17 
4.04 0.16 
4.00 0.16 
4.02 0.16 
4.14 0.16 
3.92 0.16 


2.74 0.12 

2.54 0.12 

2.57 0.12 

2.80 0.12 

2.13 0.10 

2.68 0.12 

2.74 0.12 

2.81 0.12 

2.85 0.13 
2.89 0.13 

2.86 0.13 

2.81 0.12 

2.83 0.13 

2.56 0.12 

2.85 0.13 

2.65 0.12 

2.59 0.12 

2.65 0.12 

2.65 0.12 

2.83 0.13 

2.60 0.12 

2.63 0.12 

2.81 0.12 

2.68 0.12 

2.87 0.13 

2.91 0.13 
2.80 0.12 

2.98 0.13 

2.67 0.12 

2.82 0.12 

2.87 0.13 
2.81 0.12 

2.96 0.13 

2.83 0.13 

2.86 0.13 
2.89 0.13 

2.72 0.12 
2.77 0.12 

2.52 0.12 

2.73 0.12 

2.63 0.12 

2.65 0.12 

2.63 0.12 

2.50 0.11 

2.75 0.12 

2.65 0.12 


0.34 0.06 
0.32 0.06 
0.34 0.06 
0.29 0.06 
0.29 0.06 
0.34 0.06 
0.32 0.06 
0.36 0.06 
0.37 0.06 
0.36 0.06 
0.28 0.06 
0.32 0.06 
0.26 0.05 
0.37 0.06 
0.31 0.06 
0.36 0.06 
0.27 0.05 
0.35 0.06 
0.20 0.05 
0.34 0.06 
0.30 0.06 
0.32 0.06 
0.33 0.06 
0.30 0.06 
0.37 0.06 
0.38 0.06 
0.37 0.06 
0.34 0.06 
0.43 0.06 
0.28 0.06 
0.37 0.06 
0.31 0.06 
0.33 0.06 
0.30 0.06 
0.33 0.06 
0.29 0.06 
0.34 0.06 
0.34 0.06 
0.32 0.06 
0.24 0.05 
0.33 0.06 
0.28 0.05 
0.24 0.05 
0.27 0.05 
0.22 0.05 
0.17 0.05 


0.81 0.09 
0.82 0.09 
0.84 0.09 
0.81 0.09 
0.71 0.08 
0.80 0.09 
0.82 0.09 
0.54 0.07 
0.55 0.07 
0.61 0.08 
0.59 0.08 
0.63 0.08 
0.57 0.07 
0.50 0.07 
0.58 0.08 
0.51 0.07 
0.57 0.07 
0.56 0.07 
0.59 0.08 
0.58 0.08 
0.54 0.07 
0.57 0.07 
0.60 0.08 
0.60 0.08 
0.64 0.08 
0.64 0.08 
0.59 0.08 
0.65 0.08 
0.60 0.08 
0.57 0.07 
0.69 0.08 
0.61 0.08 
0.63 0.08 
0.62 0.08 
0.57 0.07 
0.58 0.08 
0.61 0.08 
0.54 0.07 
0.54 0.07 
0.60 0.08 
0.63 0.08 
0.55 0.07 
0.64 0.08 
0.61 0.08 
0.62 0.08 
0.66 0.08 
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FLD21 FLD21.L 
FLD21 FLD21.1 
FLD21 FLD21.1 
FLD21 FLD21.1 
FLD21 FLD21.1 
FLD21 FLD21.1 
FLD21 FLD21.1 
FLD21 FLD21.1 
FLD21 FLD21.1 
FLD21 FLD21.1 
FLD21 FLD21.1 
FLD23 FLD23.1.2 
FLD23 FLD23.1.2 
FLD23 FLD23.1.2 
FLD23 FLD23.1.1 
FLD23 FLD23.1.1 
FLD23 FLD23.1.1 
FLD23 FLD23.1.3 
FLD23 FLD23.1.3 
FLD23 FLD23.1.3 
FLD23 FLD23.2.1 
FLD23 FLD23.2.1 
FLD23 FLD23.2.2 
FLD23 FLD23.2.2 
FLD23 FLD23.2.2 
FLD23 FLD23.2.2 
FLD23 FLD23.3.1 
FLD23 FLD23.3.1 
FLD23 FLD23.3.1 
FLD23 FLD23.3.1 
FLD23 FLD23.3.2 
FLD23 FLD23.3.2 
FLD23 FLD23.4.1 
FLD23 FLD23.4.1 
FLD23 FLD23.4.1 
FLD23 FLD23.4.1 
FLD23 FLD23.4.1 
FLD23 FLD23.4.2 
FLD23 FLD23.4.2 
FLD23 FLD23.4.2 
FLD23 FLD23.4.2 
FLD23 FLD23.4.2 
FLD23 FLD23.4.2 
FLD23 FLD23.5.1 
FLD23 FLD23.5.1 
FLD23 FLD23.5.1 


73.99 3.13 

76.66 3.24 

76.65 3.24 

76.49 3.23 

75.35 3.18 

78.48 3.31 
75.07 3.17 

74.77 3.16 
76.52 3.23 

77.25 3.26 

76.93 3.25 

75.39 3.18 
76.27 3.22 

75.67 3.19 

76.20 3.22 

74.47 3.14 

75.49 3.19 

75.33 3.18 

74.75 3.16 

79.33 3.35 

77.39 3.27 

76.67 3.24 

76.39 3.22 

77.23 3.26 

76.62 3.23 

74.46 3.14 

73.56 3.11 
75.01 3.17 

75.43 3.18 

74.98 3.17 

74.34 3.14 

75.62 3.19 

74.88 3.16 
74.55 3.15 

73.89 3.12 
75.38 3.18 

75.24 3.18 

74.16 3.13 

74.57 3.15 

73.92 3.12 
73.02 3.08 

73.65 3.11 

75.17 3.17 

73.22 3.09 

74.35 3.14 

73.95 3.12 


14.20 0.71 

13.26 0.66 
13.03 0.65 

13.17 0.66 

12.83 0.64 
13.05 0.65 

13.87 0.69 

13.16 0.66 

13.33 0.67 

13.49 0.67 

13.36 0.67 
14.04 0.70 

13.70 0.68 

14.16 0.71 

14.16 0.71 

13.88 0.69 
14.07 0.70 

13.93 0.70 

14.37 0.72 

13.88 0.69 
14.15 0.71 

14.36 0.72 
14.30 0.71 

14.36 0.72 

14.38 0.72 

13.61 0.68 

13.80 0.69 

13.98 0.70 

14.27 0.71 

14.22 0.71 
14.01 0.70 

13.12 0.66 

13.79 0.69 

13.79 0.69 

13.77 0.69 

13.89 0.69 

13.68 0.68 

14.35 0.71 

13.21 0.66 

13.97 0.70 

13.76 0.69 

14.12 0.70 
13.02 0.65 

13.98 0.70 

13.47 0.67 
13.75 0.69 


2.64 0.20 

2.98 0.22 

2.76 0.21 
3.01 0.22 

2.48 0.19 

2.24 0.18 
2.55 0.20 

2.85 0.21 
2.74 0.21 

2.99 0.22 
2.90 0.22 

1.95 0.16 

1.89 0.15 
2.04 0.16 

1.88 0.15 

1.83 0.15 
2.15 0.17 

2.21 0.17 
2.18 0.17 

1.79 0.15 

1.95 0.16 

1.72 0.14 

2.22 0.17 

1.58 0.14 

2.17 0.17 
2.34 0.18 

2.10 0.17 

2.46 0.19 

2.58 0.20 

2.53 0.19 

2.58 0.20 

2.60 0.20 

2.72 0.21 

2.69 0.20 

2.61 0.20 

2.84 0.21 
3.01 0.22 
3.20 0.24 

2.99 0.22 

3.11 0.23 
2.94 0.22 
3.03 0.22 

2.84 0.21 

2.71 0.20 

2.93 0.22 
2.87 0.22 


3.00 0.13 

3.53 0.14 

3.39 0.14 

3.63 0.14 

3.39 0.14 

2.92 0.12 

3.12 0.13 

3.33 0.14 

3.38 0.14 

3.16 0.13 

3.38 0.14 

3.86 0.15 

3.76 0.15 

3.72 0.15 

3.66 0.15 

3.73 0.15 

3.73 0.15 

3.80 0.15 

3.84 0.15 

3.59 0.14 

3.80 0.15 

3.72 0.15 

3.77 0.15 

3.76 0.15 

3.77 0.15 

3.72 0.15 

3.76 0.15 

3.69 0.15 

3.70 0.15 

3.77 0.15 
4.03 0.16 

3.95 0.15 

3.86 0.15 

3.73 0.15 

3.64 0.14 

3.85 0.15 
4.03 0.16 

4.12 0.16 
4.00 0.16 

3.98 0.16 

3.94 0.15 

3.95 0.15 
3.94 0.15 

3.83 0.15 

3.84 0.15 

3.78 0.15 


3.90 0.16 

3.10 0.13 

2.93 0.13 
3.02 0.13 
3.00 0.13 
3.06 0.13 
3.52 0.14 

2.94 0.13 
3.08 0.13 

2.84 0.12 

3.11 0.13 

2.11 0.10 

2.39 0.11 

2.36 0.11 

2.64 0.12 

2.62 0.12 

2.47 0.11 

2.33 0.11 

2.34 0.11 
1.83 0.09 

2.23 0.11 
2.50 0.11 

2.33 0.11 

2.24 0.11 

2.43 0.11 
2.50 0.11 

2.48 0.11 
2.22 0.11 

2.32 0.11 

2.22 0.11 

2.43 0.11 
2.07 0.10 
2.19 0.10 

2.18 0.10 

2.33 0.11 

2.25 0.11 

2.26 0.11 

2.32 0.11 

2.33 0.11 
2.09 0.10 

1.99 0.10 

2.40 0.11 

1.90 0.10 

2.61 0.12 

2.24 0.11 

2.39 0.11 


2.68 0.12 

2.71 0.12 

2.49 0.11 

2.61 0.12 

2.63 0.12 
2.93 0.13 
2.93 0.13 

2.46 0.11 

2.91 0.13 

2.54 0.12 
2.90 0.13 

2.71 0.12 

2.67 0.12 

2.79 0.12 

2.57 0.12 

2.65 0.12 

2.71 0.12 

2.79 0.12 
2.83 0.13 

2.57 0.12 

2.64 0.12 

2.67 0.12 

2.66 0.12 
2.63 0.12 

2.78 0.12 

2.76 0.12 

2.72 0.12 

2.67 0.12 

2.72 0.12 

2.70 0.12 

2.75 0.12 
2.66 0.12 

2.62 0.12 

2.63 0.12 

2.61 0.12 

2.63 0.12 

2.58 0.12 

2.76 0.12 

2.62 0.12 

2.68 0.12 

2.79 0.12 

2.77 0.12 

2.49 0.11 

2.64 0.12 

2.62 0.12 

2.62 0.12 


0.21 0.05 
0.35 0.06 
0.24 0.05 
0.35 0.06 
0.36 0.06 
0.19 0.05 
0.31 0.06 
0.29 0.06 
0.36 0.06 
0.36 0.06 
0.25 0.05 
0.37 0.06 
0.30 0.06 
0.32 0.06 
0.34 0.06 
0.35 0.06 
0.32 0.06 
0.31 0.06 
0.37 0.06 
0.33 0.06 
0.36 0.06 
0.29 0.06 
0.35 0.06 
0.37 0.06 
0.34 0.06 
0.31 0.06 
0.37 0.06 
0.32 0.06 
0.35 0.06 
0.29 0.06 
0.30 0.06 
0.30 0.06 
0.36 0.06 
0.29 0.06 
0.32 0.06 
0.29 0.06 
0.30 0.06 
0.35 0.06 
0.30 0.06 
0.31 0.06 
0.32 0.06 
0.36 0.06 
0.32 0.06 
0.29 0.06 
0.35 0.06 
0.29 0.06 


0.61 0.08 
0.68 0.08 
0.60 0.08 
0.63 0.08 
0.69 0.08 
0.65 0.08 
0.73 0.08 
0.63 0.08 
0.76 0.08 
0.64 0.08 
0.68 0.08 
0.60 0.08 
0.55 0.07 
0.59 0.08 
0.56 0.07 
0.59 0.08 
0.58 0.08 
0.60 0.08 
0.58 0.08 
0.65 0.08 
0.58 0.08 
0.63 0.08 
0.59 0.08 
0.59 0.08 
0.66 0.08 
0.57 0.07 
0.63 0.08 
0.60 0.08 
0.63 0.08 
0.61 0.08 
0.62 0.08 
0.55 0.07 
0.62 0.08 
0.59 0.08 
0.62 0.08 
0.62 0.08 
0.60 0.08 
0.64 0.08 
0.59 0.08 
0.60 0.08 
0.59 0.08 
0.73 0.08 
0.56 0.07 
0.53 0.07 
0.60 0.08 
0.61 0.08 
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FLD23 FLD23.5.1 
FLD23 FLD23.L 
FLD23 FLD23.L 
FLD23 FLD23.L 
FLD23 FLD23.L 
FLD23 FLD23.L 
FLD23 FLD23.L 
FLD23 FLD23.L 
FLD23 FLD23.L 
FLD4.3 FLD4.3.1 
FLD4.3 FLD4.3.1 
FLD4.3 FLD4.3.1 
FLD4.3 FLD4.3.2 
FLD4.3 FLD4.3.2 
FLD4.3 FLD4.3.2 
FLD4.3 FLD4.3.3 
FLD4.3 FLD4.3.3 
FLD4.3 FLD4.3.3 
FLD4.3 FLD4.3.UA 
FLD4.3 FLD4.3.UA 
FLD4.3 FLD4.3.UA 
FLD4.3 FLD4.3.UA 
FLD4.3 FLD4.3.4 
FLD4.3 FLD4.3.4 
FLD4.3 FLD4.3.4 
FLD4.3 FLD4.3.4 
FLD4.3 FLD4.3.5 
FLD4.3 FLD4.3.5 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.1 


73.87 3.12 

73.69 3.11 

72.94 3.08 

72.38 3.06 

73.17 3.09 

73.53 3.11 

73.79 3.12 

73.50 3.10 

73.61 3.11 
74.05 3.13 

78.18 3.30 

76.78 3.24 
77.07 3.25 

78.73 3.32 
78.33 3.30 

79.24 3.34 

78.30 3.30 

78.67 3.32 

71.57 3.02 

72.39 3.06 

72.52 3.06 

73.51 3.11 

74.11 3.13 
74.71 3.15 

75.16 3.17 

75.51 3.19 
71.04 3.00 

71.98 3.04 

70.85 2.99 
71.10 3.01 

72.58 3.07 

72.28 3.05 
71.84 3.04 

71.42 3.02 
71.22 3.01 

71.39 3.02 

72.29 3.05 
89.27 3.76 
72.09 3.05 

69.18 2.93 

72.43 3.06 

71.66 3.03 

72.38 3.06 

70.81 2.99 
71.09 3.01 

69.60 2.94 


13.51 0.68 

13.17 0.66 

13.55 0.68 

12.81 0.64 

12.39 0.62 
12.84 0.65 
13.02 0.65 

12.93 0.65 

12.93 0.65 

12.17 0.61 

11.57 0.59 

12.12 0.61 

9.99 0.51 

10.30 0.53 

10.99 0.56 

10.20 0.52 
10.00 0.51 

10.73 0.55 
14.28 0.71 
14.45 0.72 

14.55 0.72 
12.48 0.63 

12.81 0.64 

13.92 0.69 

14.58 0.73 

13.94 0.70 
16.36 0.81 

15.62 0.77 
17.00 0.84 

17.19 0.85 

17.92 0.88 

16.88 0.83 

16.82 0.83 

16.44 0.81 

16.80 0.83 

16.38 0.81 
17.41 0.86 

6.63 0.36 

16.98 0.84 

16.94 0.83 

17.39 0.86 

16.78 0.83 

16.79 0.83 
17.26 0.85 
17.02 0.84 

17.12 0.84 


2.72 0.21 

1.96 0.16 

1.80 0.15 
2.25 0.18 

2.12 0.17 

2.15 0.17 

2.14 0.17 

1.94 0.16 
2.07 0.17 

1.98 0.16 

1.67 0.14 

1.67 0.14 
1.83 0.15 

1.53 0.13 

1.55 0.13 

1.85 0.15 

1.54 0.13 

1.55 0.13 
1.83 0.15 

1.81 0.15 
1.76 0.15 

1.80 0.15 
2.89 0.22 

2.82 0.21 

3.21 0.24 

3.15 0.23 
3.42 0.25 

2.98 0.22 

2.14 0.17 
2.18 0.17 

2.21 0.17 

2.17 0.17 
2.07 0.17 
2.01 0.16 
2.05 0.16 

2.11 0.17 
2.09 0.17 

1.13 0.11 
2.05 0.16 
2.02 0.16 
2.05 0.16 
2.06 0.16 

2.14 0.17 

2.11 0.17 
2.09 0.17 
2.04 0.16 


3.69 0.15 

3.34 0.14 

2.86 0.12 

3.55 0.14 

3.44 0.14 

3.50 0.14 

3.50 0.14 

3.35 0.14 
3.34 0.14 

3.81 0.15 

3.82 0.15 

3.91 0.15 

3.50 0.14 

3.62 0.14 

3.57 0.14 

3.52 0.14 

3.62 0.14 

3.67 0.15 

3.70 0.15 

3.65 0.15 

3.70 0.15 
3.34 0.14 

3.81 0.15 
3.89 0.15 

3.87 0.15 

3.82 0.15 

3.92 0.15 
3.91 0.15 
2.72 0.12 

2.68 0.12 

2.66 0.11 

2.68 0.12 

2.65 0.11 

2.59 0.11 

2.53 0.11 
2.77 0.12 

2.62 0.11 

1.71 0.09 
2.61 0.11 

2.75 0.12 

2.64 0.11 

2.71 0.12 

2.60 0.11 

2.66 0.11 

2.60 0.11 

2.76 0.12 


2.31 0.11 
3.04 0.13 

3.61 0.15 

2.69 0.12 

2.66 0.12 

2.99 0.13 

2.81 0.12 

2.93 0.13 
3.06 0.13 

1.12 0.07 
0.96 0.07 
1.04 0.07 

1.23 0.08 

1.20 0.07 

1.37 0.08 
1.06 0.07 
0.91 0.07 
1.04 0.07 

1.83 0.09 

1.85 0.09 
1.80 0.09 

1.66 0.09 

1.29 0.08 

1.24 0.08 

1.29 0.08 

1.32 0.08 

1.86 0.09 

1.69 0.09 

2.13 0.10 

2.32 0.11 

2.25 0.11 

2.20 0.10 
2.24 0.11 
2.22 0.11 

2.16 0.10 

2.17 0.10 

2.38 0.11 
0.74 0.06 
2.27 0.11 
2.41 0.11 
2.36 0.11 

2.32 0.11 
2.12 0.10 

2.30 0.11 

2.29 0.11 

2.33 0.11 


2.44 0.11 

2.57 0.12 

2.71 0.12 

2.62 0.12 
2.52 0.12 

2.62 0.12 

2.60 0.12 

2.64 0.12 

2.60 0.12 
3.06 0.13 

2.88 0.13 

2.83 0.12 

2.84 0.13 

2.73 0.12 

2.69 0.12 
2.75 0.12 

2.67 0.12 

2.86 0.13 
3.05 0.13 

2.92 0.13 
3.03 0.13 

2.65 0.12 

3.25 0.14 

2.81 0.12 

2.96 0.13 
3.08 0.13 
3.04 0.13 
3.02 0.13 

3.17 0.14 

3.15 0.13 

3.18 0.14 

3.19 0.14 

3.35 0.14 
3.07 0.13 

3.16 0.14 

3.15 0.13 

3.13 0.13 
1.64 0.09 

3.18 0.14 

3.30 0.14 

2.97 0.13 

3.16 0.14 

3.20 0.14 

3.25 0.14 

3.21 0.14 

3.50 0.15 


0.27 0.05 
0.26 0.05 
0.27 0.05 
0.28 0.06 
0.29 0.06 
0.29 0.06 
0.28 0.06 
0.27 0.05 
0.29 0.06 
0.44 0.06 
0.36 0.06 
0.35 0.06 
0.31 0.06 
0.29 0.06 
0.28 0.06 
0.25 0.05 
0.29 0.06 
0.32 0.06 
0.37 0.06 
0.34 0.06 
0.40 0.06 
0.35 0.06 
0.49 0.06 
0.47 0.06 
0.50 0.06 
0.43 0.06 
0.54 0.06 
0.54 0.06 
0.35 0.06 
0.38 0.06 
0.35 0.06 
0.40 0.06 
0.37 0.06 
0.38 0.06 
0.38 0.06 
0.46 0.06 
0.39 0.06 
0.08 0.05 
0.43 0.06 
0.44 0.06 
0.39 0.06 
0.44 0.06 
0.34 0.06 
0.38 0.06 
0.33 0.06 
0.45 0.06 


0.49 0.07 
0.55 0.07 
0.58 0.08 
0.53 0.07 
0.56 0.07 
0.56 0.07 
0.57 0.07 
0.54 0.07 
0.52 0.07 
0.54 0.07 
0.53 0.07 
0.55 0.07 
0.49 0.07 
0.47 0.07 
0.50 0.07 
0.43 0.07 
0.39 0.07 
0.44 0.07 
0.97 0.10 
1.03 0.10 
1.00 0.10 
0.61 0.08 
1.05 0.10 
1.07 0.10 
1.12 0.10 
1.12 0.10 
1.08 0.10 
1.04 0.10 
0.79 0.09 
0.74 0.08 
0.75 0.08 
0.76 0.08 
0.71 0.08 
0.77 0.09 
0.75 0.08 
0.74 0.08 
0.73 0.08 
0.34 0.06 
0.76 0.08 
0.79 0.09 
0.76 0.08 
0.72 0.08 
0.76 0.08 
0.73 0.08 
0.72 0.08 
0.69 0.08 
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FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.2 
FLD4.4 FLD4.4.2 
FLD4.4 FLD4.4.2 
FLD4.4 FLD4.4.2 
FLD4.4 FLD4.4.2 
FLD4.4 FLD4.4.2 
FLD4.4 FLD4.4.2 
FLD4.4 FLD4.4.2 
FLD4.4 FLD4.4.2 
FLD4.4 FLD4.4.2 
FLD4.4 FLD4.4.2 
FLD4.4 FLD4.4.2 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.L 
U1B U1B.2 
U1B U1B.2 
U1B U1B.2 
U1B U1B.2 
U1B U1B.2 
U1B U1B.2 
U1B U1B.2 
U1B U1B.2 


72.03 3.04 

71.22 3.01 
71.08 3.00 

70.66 2.99 

69.41 2.94 
69.93 2.96 
66.81 2.83 

68.62 2.90 

68.77 2.91 
71.06 3.00 

70.74 2.99 

70.51 2.98 

69.26 2.93 
69.89 2.96 

68.52 2.90 

71.38 3.02 

69.28 2.93 

69.48 2.94 

69.33 2.93 

70.10 2.96 

71.32 3.01 

71.70 3.03 
75.30 3.18 

78.23 3.30 

70.52 2.98 

73.34 3.10 

72.52 3.06 

70.13 2.97 

71.32 3.01 

69.24 2.93 

69.70 2.95 

73.33 3.10 

71.37 3.02 
71.09 3.00 

71.88 3.04 

72.71 3.07 

70.44 2.98 

73.74 3.11 

71.67 3.03 

71.79 3.03 

71.96 3.04 

72.72 3.07 

73.73 3.11 

73.27 3.10 

74.29 3.14 

72.27 3.05 


16.97 0.84 

14.80 0.74 

15.14 0.75 

16.69 0.82 

16.52 0.82 

17.36 0.85 
18.90 0.93 
17.46 0.86 

17.11 0.84 

17.97 0.88 

16.50 0.81 

16.18 0.80 

18.88 0.92 

15.50 0.77 

15.30 0.76 
15.92 0.79 

15.53 0.77 

15.89 0.79 

15.58 0.77 
16.04 0.79 

16.13 0.80 
16.00 0.79 

15.13 0.75 

13.12 0.66 

15.36 0.76 
15.86 0.78 

15.80 0.78 
15.82 0.78 
16.03 0.79 

15.42 0.76 

15.50 0.77 

15.81 0.78 

15.68 0.78 

15.73 0.78 
16.06 0.79 

16.45 0.81 

15.32 0.76 
14.94 0.74 

12.81 0.64 

13.39 0.67 

13.48 0.67 

13.40 0.67 
13.29 0.67 
13.07 0.66 

9.83 0.51 

10.43 0.53 


2.07 0.17 

2.38 0.18 

2.48 0.19 

2.30 0.18 

2.32 0.18 

2.48 0.19 

2.32 0.18 

2.35 0.18 

2.24 0.18 

2.42 0.19 

2.41 0.19 
2.47 0.19 

2.36 0.18 

2.45 0.19 

2.42 0.19 

2.50 0.19 
2.44 0.19 

2.34 0.18 

2.53 0.19 
2.60 0.20 

2.53 0.19 

2.39 0.19 

2.18 0.17 
1.96 0.16 

2.43 0.19 

2.40 0.19 
2.28 0.18 

2.29 0.18 

2.44 0.19 

2.30 0.18 

2.39 0.19 

2.42 0.19 

2.36 0.18 

2.50 0.19 

2.50 0.19 

2.58 0.20 

2.59 0.20 

2.25 0.18 

4.50 0.32 
4.06 0.29 
1.93 0.16 
4.06 0.29 

5.24 0.36 

4.45 0.31 

3.45 0.25 
4.08 0.29 


2.58 0.11 
3.02 0.13 
3.06 0.13 

2.69 0.12 

2.77 0.12 
2.91 0.12 

2.58 0.11 

2.89 0.12 

2.74 0.12 
2.83 0.12 
2.99 0.12 
3.06 0.13 

2.54 0.11 
3.64 0.14 

3.58 0.14 

3.57 0.14 

3.73 0.15 

3.60 0.14 

3.73 0.15 

3.61 0.14 
3.72 0.15 

3.51 0.14 
3.53 0.14 

3.51 0.14 

3.69 0.15 

3.61 0.14 

3.63 0.14 

3.58 0.14 

3.46 0.14 

3.66 0.15 
3.79 0.15 

3.52 0.14 
3.71 0.15 

3.67 0.15 

3.63 0.14 

3.36 0.14 

3.75 0.15 

3.55 0.14 

4.68 0.18 

4.59 0.17 

4.78 0.18 
4.66 0.18 
4.88 0.18 

5.10 0.19 

4.11 0.16 

4.26 0.16 


2.21 0.11 

2.11 0.10 

2.22 0.11 

2.31 0.11 

2.39 0.11 

2.43 0.11 

2.78 0.12 

2.48 0.11 

2.45 0.11 

2.45 0.11 

2.23 0.11 

2.36 0.11 

2.70 0.12 

1.70 0.09 

1.78 0.09 

1.58 0.09 

1.59 0.09 

1.68 0.09 

1.75 0.09 

1.63 0.09 

1.68 0.09 

1.55 0.09 

1.45 0.08 

1.14 0.07 

1.62 0.09 

1.50 0.08 
1.57 0.09 

1.62 0.09 

1.62 0.09 

1.67 0.09 

1.76 0.09 

1.50 0.08 

1.70 0.09 

1.69 0.09 

1.59 0.09 

1.61 0.09 

1.78 0.09 

1.48 0.08 
0.98 0.07 
0.90 0.07 
0.85 0.06 
0.83 0.06 
0.77 0.06 
0.87 0.06 

1.48 0.08 

1.51 0.08 


3.13 0.13 

3.19 0.14 
3.28 0.14 
3.16 0.14 

3.12 0.13 

3.55 0.15 

3.52 0.15 

3.27 0.14 

3.18 0.14 

3.19 0.14 

3.19 0.14 

3.27 0.14 

3.14 0.13 
3.64 0.15 

3.28 0.14 

3.37 0.14 
3.16 0.14 

3.38 0.14 

3.35 0.14 

3.33 0.14 

3.39 0.14 

3.18 0.14 

3.15 0.13 
2.66 0.12 
3.38 0.14 

3.34 0.14 

3.19 0.14 

3.32 0.14 

3.16 0.14 

3.25 0.14 

3.37 0.14 

3.28 0.14 

3.24 0.14 

3.31 0.14 
3.30 0.14 
3.15 0.13 
3.21 0.14 
3.06 0.13 

2.44 0.11 

2.40 0.11 

2.49 0.11 
2.42 0.11 

2.26 0.11 

2.32 0.11 
3.72 0.15 

3.63 0.15 


0.38 0.06 
0.30 0.06 
0.41 0.06 
0.42 0.06 
0.40 0.06 
0.39 0.06 
0.46 0.06 
0.45 0.06 
0.43 0.06 
0.49 0.06 
0.36 0.06 
0.48 0.06 
0.47 0.06 
0.54 0.06 
0.52 0.06 
0.51 0.06 
0.52 0.06 
0.54 0.06 
0.48 0.06 
0.52 0.06 
0.51 0.06 
0.44 0.06 
0.49 0.06 
0.36 0.06 
0.52 0.06 
0.43 0.06 
0.47 0.06 
0.49 0.06 
0.47 0.06 
0.44 0.06 
0.48 0.06 
0.38 0.06 
0.48 0.06 
0.53 0.06 
0.51 0.06 
0.53 0.06 
0.52 0.06 
0.38 0.06 
0.31 0.06 
0.34 0.06 
0.31 0.06 
0.33 0.06 
0.36 0.06 
0.32 0.06 
0.26 0.05 
0.25 0.05 


0.73 0.08 
0.73 0.08 
0.75 0.08 
0.81 0.09 
0.75 0.08 
0.76 0.09 
0.83 0.09 
0.84 0.09 
0.75 0.08 
0.89 0.09 
0.79 0.09 
0.78 0.09 
0.85 0.09 
0.77 0.09 
0.77 0.09 
0.88 0.09 
0.87 0.09 
0.91 0.09 
0.79 0.09 
0.91 0.09 
0.91 0.09 
0.89 0.09 
0.84 0.09 
0.65 0.08 
0.78 0.09 
0.81 0.09 
0.87 0.09 
0.87 0.09 
0.90 0.09 
0.78 0.09 
0.79 0.09 
0.82 0.09 
0.79 0.09 
0.83 0.09 
0.84 0.09 
0.92 0.09 
0.81 0.09 
0.86 0.09 
0.37 0.06 
0.48 0.07 
0.45 0.07 
0.47 0.07 
0.37 0.06 
0.46 0.07 
0.53 0.07 
0.49 0.07 
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U1B U1B.2 

U3 U3.1 

U3 U3.1 

U3 U3.1 

U3 U3.1 

U3 U3.1 

U3 U3.1 

U3 U3.1 

U3 U3.2 

U3 U3.2 

U3 U3.2 

U3 U3.2 

U3 U3.2 

U3 U3.2 

U4 U4.1 

U4 U4.1 

U4 U4.1 

U4 U4.1 

U4 U4.1 

U4 U4.1 

U4 U4.1 

U4 U4.1 

U4 U4.1 

U4 U4.1 

U4 U4.1 

U4 U4.1 

U4 U4.1 

U4 U4.2 

U4 U4.2 

U4 U4.2 

U4 U4.2 

U4 U4.2 

U4 U4.2 

U4 U4.2 

U4 U4.2 

AE.C C3 

AE.C C3 

AE.C C3 

AE.C C3 

AE.C C4 

AE.C C4 

AE.C C4 

AE.C C4 

AE.C C4 

AE.C C4 

AE.C C4 


75.48 3.19 

69.87 2.95 

72.14 3.05 
74.22 3.13 

73.80 3.12 

72.65 3.07 

75.21 3.18 

75.12 3.17 

74.90 3.16 

72.31 3.06 

73.35 3.10 

75.87 3.20 

75.64 3.19 

75.22 3.18 

75.78 3.20 

73.88 3.12 

73.24 3.09 

72.72 3.07 

75.57 3.19 

73.39 3.10 

76.84 3.24 

75.40 3.18 

74.15 3.13 

73.93 3.12 

74.48 3.15 

75.92 3.21 

72.65 3.07 

75.13 3.17 

71.89 3.04 

75.89 3.20 

73.48 3.10 

75.61 3.19 
71.56 3.02 

74.52 3.15 

78.16 3.30 

74.64 3.15 

74.26 3.14 

73.53 3.11 
71.60 3.03 

73.24 3.09 
71.50 3.02 

70.93 3.00 

68.98 2.92 

75.21 3.18 

72.20 3.05 

73.41 3.10 


10.05 0.52 

13.66 0.68 

14.36 0.72 

12.86 0.65 

14.88 0.74 

14.25 0.71 

13.40 0.67 

13.37 0.67 

12.20 0.62 

12.86 0.65 
12.15 0.61 

12.84 0.65 
13.63 0.68 

13.77 0.69 

14.21 0.71 

13.38 0.67 

13.92 0.70 

13.41 0.67 

13.73 0.69 

13.84 0.69 

13.91 0.69 

14.54 0.72 

13.88 0.69 

13.87 0.69 

13.98 0.70 

13.36 0.67 

13.28 0.67 

12.93 0.65 

12.85 0.65 

12.38 0.62 

12.98 0.65 
12.05 0.61 

13.40 0.67 

12.40 0.62 

12.42 0.63 

11.74 0.59 

10.67 0.54 

11.85 0.60 

10.90 0.56 

12.81 0.64 

12.33 0.62 

13.10 0.66 

13.68 0.68 

11.78 0.60 

11.96 0.60 

11.62 0.59 


3.95 0.28 
2.19 0.17 

2.43 0.19 

2.70 0.20 

2.34 0.18 

2.23 0.18 

2.51 0.19 

2.38 0.18 

2.28 0.18 

2.40 0.19 

2.30 0.18 

2.37 0.18 

2.30 0.18 

2.59 0.20 
2.72 0.21 

2.47 0.19 
2.65 0.20 
2.46 0.19 

2.54 0.19 

2.44 0.19 

2.51 0.19 

2.34 0.18 

2.10 0.17 

1.76 0.15 

1.87 0.15 

1.84 0.15 
2.03 0.16 

2.88 0.22 
2.87 0.21 

2.74 0.21 

2.84 0.21 
3.06 0.23 

3.48 0.25 

3.32 0.24 

3.11 0.23 

3.43 0.25 

5.44 0.37 

5.55 0.38 
5.58 0.38 

4.71 0.33 

4.62 0.32 

4.70 0.33 

5.26 0.36 

4.26 0.30 

4.40 0.31 

4.37 0.31 


4.16 0.16 

3.13 0.13 

3.21 0.13 

3.27 0.13 

3.24 0.13 

3.17 0.13 

3.40 0.14 

3.32 0.13 

3.71 0.15 

3.69 0.15 

3.74 0.15 

3.67 0.15 

3.70 0.15 

3.76 0.15 

3.30 0.13 

3.37 0.14 

3.35 0.14 

3.38 0.14 

3.29 0.13 

3.38 0.14 
3.34 0.14 

3.20 0.13 

3.25 0.13 
2.97 0.12 

3.21 0.13 

3.23 0.13 
3.15 0.13 

3.33 0.14 

3.45 0.14 

3.34 0.14 

3.41 0.14 

3.76 0.15 
3.83 0.15 
3.82 0.15 

3.49 0.14 

5.36 0.20 

5.39 0.20 

5.52 0.20 

5.41 0.20 

4.38 0.17 

4.39 0.17 

4.37 0.17 

4.68 0.18 

4.21 0.16 

4.37 0.17 

4.40 0.17 


1.32 0.08 

3.43 0.14 

3.57 0.15 
3.04 0.13 

3.50 0.14 

3.41 0.14 
3.07 0.13 

3.14 0.13 

2.57 0.12 
2.73 0.12 

2.67 0.12 
2.54 0.12 

2.67 0.12 

2.59 0.12 

2.34 0.11 

2.30 0.11 

2.47 0.11 

2.39 0.11 

2.25 0.11 

2.34 0.11 

2.18 0.10 

2.36 0.11 

2.47 0.11 

2.45 0.11 

2.52 0.11 
2.29 0.11 

2.31 0.11 
2.61 0.12 

2.84 0.12 

2.32 0.11 

2.70 0.12 

1.78 0.09 

1.84 0.09 

1.70 0.09 

2.19 0.10 

1.60 0.09 

1.81 0.09 

1.63 0.09 

1.82 0.09 
1.00 0.07 

1.23 0.08 

2.36 0.11 
2.03 0.10 
0.99 0.07 

2.34 0.11 
1.02 0.07 


3.34 0.14 

2.84 0.13 

2.80 0.12 

2.76 0.12 
3.03 0.13 

2.96 0.13 

2.98 0.13 
3.01 0.13 

2.98 0.13 

2.85 0.13 

2.87 0.13 

3.24 0.14 

3.14 0.13 
3.04 0.13 
3.04 0.13 

2.85 0.13 
3.03 0.13 
3.03 0.13 

2.93 0.13 

2.91 0.13 

2.83 0.12 

2.94 0.13 

2.94 0.13 

2.81 0.12 

2.96 0.13 
2.82 0.12 

2.69 0.12 

2.68 0.12 

2.98 0.13 

2.59 0.12 

2.84 0.13 

2.64 0.12 

3.44 0.14 
3.01 0.13 

2.42 0.11 

2.23 0.11 

2.25 0.11 
2.29 0.11 

2.37 0.11 

2.24 0.11 

2.70 0.12 

2.81 0.12 

2.88 0.13 

2.25 0.11 

2.79 0.12 
2.08 0.10 


0.32 0.06 
0.36 0.06 
0.33 0.06 
0.29 0.06 
0.31 0.06 
0.34 0.06 
0.27 0.05 
0.28 0.05 
0.27 0.05 
0.29 0.06 
0.35 0.06 
0.21 0.05 
0.28 0.05 
0.31 0.06 
0.23 0.05 
0.25 0.05 
0.35 0.06 
0.21 0.05 
0.24 0.05 
0.29 0.06 
0.20 0.05 
0.33 0.06 
0.35 0.06 
0.32 0.06 
0.33 0.06 
0.27 0.05 
0.29 0.06 
0.27 0.05 
0.29 0.06 
0.19 0.05 
0.34 0.06 
0.28 0.05 
0.35 0.06 
0.21 0.05 
0.23 0.05 
0.25 0.05 
0.25 0.05 
0.22 0.05 
0.26 0.05 
0.22 0.05 
0.40 0.06 
0.41 0.06 
0.36 0.06 
0.23 0.05 
0.40 0.06 
0.26 0.05 


0.50 0.07 
0.55 0.07 
0.56 0.07 
0.50 0.07 
0.74 0.08 
0.73 0.08 
0.67 0.08 
0.72 0.08 
0.55 0.07 
0.51 0.07 
0.49 0.07 
0.72 0.08 
0.70 0.08 
0.75 0.08 
0.66 0.08 
0.58 0.08 
0.71 0.08 
0.61 0.08 
0.66 0.08 
0.65 0.08 
0.66 0.08 
0.62 0.08 
0.65 0.08 
0.65 0.08 
0.59 0.08 
0.65 0.08 
0.56 0.07 
0.52 0.07 
0.58 0.08 
0.60 0.08 
0.58 0.08 
0.49 0.07 
0.52 0.07 
0.45 0.07 
0.51 0.07 
0.47 0.07 
0.51 0.07 
0.46 0.07 
0.45 0.07 
0.39 0.07 
0.44 0.07 
0.73 0.08 
0.66 0.08 
0.35 0.06 
0.77 0.09 
0.31 0.06 
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AE.C C4 

AE.C C4 

U3 U3.3 

U3 U3.3 

U3 U3.3 

U3 U3.3 

U3 U3.3 

U3 U3.3 

U3 U3.3 

U3 U3.3 

U3 U3.3 

U3 U3.3 

U3 U3.3 

U3 U3.3 

U3 U3.3 

U3 U3.4 

U3 U3.4 

U3 U3.4 

U3 U3.4 

U3 U3.4 

U3 U3.4 

U3 U3.5 

U3 U3.5 

U3 U3.5 

U3 U3.5 

U3 U3.5 

U3 U3.5 

U3 U3.5 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 


70.31 2.97 

70.84 2.99 

75.10 3.17 

74.60 3.15 

74.54 3.15 

74.57 3.15 
74.09 3.13 

73.39 3.10 

74.93 3.16 

75.54 3.19 
74.09 3.13 

74.93 3.16 

74.23 3.14 

74.80 3.16 

73.79 3.12 
76.07 3.21 
74.97 3.17 

73.89 3.12 

75.80 3.20 
76.09 3.21 

74.24 3.14 

73.51 3.11 

75.21 3.18 

74.62 3.15 

73.10 3.09 

75.28 3.18 
74.04 3.13 
73.08 3.09 

76.22 3.22 

74.42 3.14 

74.53 3.15 

76.25 3.22 

74.17 3.13 

77.71 3.28 
77.35 3.26 

77.89 3.29 

77.63 3.28 
77.48 3.27 
77.20 3.26 

77.23 3.26 
76.34 3.22 

76.37 3.22 

77.89 3.29 

78.53 3.31 
73.15 3.09 

75.47 3.19 


12.63 0.64 

11.66 0.59 

13.18 0.66 

13.51 0.68 

13.57 0.68 

13.41 0.67 

13.17 0.66 

13.19 0.66 

13.63 0.68 

13.72 0.69 

13.37 0.67 

13.46 0.67 
13.44 0.67 

13.51 0.68 

13.31 0.67 

13.90 0.69 
14.14 0.70 

13.31 0.67 

12.55 0.63 

13.74 0.69 

13.42 0.67 

13.30 0.67 

13.61 0.68 

13.66 0.68 

13.40 0.67 

13.93 0.70 

13.65 0.68 

13.82 0.69 

13.79 0.69 

13.42 0.67 

13.43 0.67 

13.43 0.67 

13.47 0.67 

13.76 0.69 

13.76 0.69 

13.85 0.69 
14.04 0.70 

13.64 0.68 

13.77 0.69 

13.74 0.69 

13.74 0.69 

13.84 0.69 

13.82 0.69 

13.85 0.69 

12.72 0.64 

13.72 0.69 


4.58 0.32 
4.56 0.32 
3.18 0.23 

3.40 0.25 

3.28 0.24 

3.47 0.25 

3.30 0.24 

3.22 0.24 
3.42 0.25 
3.45 0.25 

3.33 0.24 
3.24 0.24 

3.28 0.24 

3.33 0.24 

3.33 0.24 

3.40 0.25 

3.30 0.24 
3.01 0.22 

2.93 0.22 

3.23 0.24 

3.26 0.24 

3.31 0.24 

3.23 0.24 
3.20 0.24 

3.18 0.23 

3.19 0.23 

3.26 0.24 

3.24 0.24 
2.04 0.16 
1.92 0.16 
2.03 0.16 

2.12 0.17 
2.06 0.16 

2.10 0.17 
1.99 0.16 
2.05 0.16 

2.13 0.17 
2.01 0.16 
2.02 0.16 
2.06 0.17 
2.07 0.17 
2.05 0.16 
2.01 0.16 

2.19 0.17 

2.24 0.18 

2.58 0.20 


4.38 0.17 

4.57 0.17 

3.59 0.14 

3.68 0.15 

3.63 0.14 

3.77 0.15 
3.87 0.15 

3.72 0.15 

3.80 0.15 

3.59 0.14 

3.79 0.15 

3.56 0.14 

3.61 0.14 

3.57 0.14 

3.79 0.15 

3.81 0.15 

3.84 0.15 

3.89 0.15 

3.70 0.15 

3.74 0.15 

3.84 0.15 

3.82 0.15 

3.75 0.15 
3.67 0.15 

3.83 0.15 

3.80 0.15 

3.79 0.15 

3.86 0.15 

3.26 0.13 

3.31 0.13 

3.46 0.14 
3.35 0.14 
3.54 0.14 

3.37 0.14 

3.24 0.13 
3.03 0.13 

3.23 0.13 

3.20 0.13 
3.09 0.13 

3.23 0.13 

3.24 0.13 

3.17 0.13 
3.12 0.13 

3.32 0.13 

3.66 0.15 

3.53 0.14 


2.33 0.11 
2.09 0.10 
3.03 0.13 
2.92 0.13 

2.94 0.13 

2.57 0.12 

2.71 0.12 

2.94 0.13 

2.86 0.12 

2.82 0.12 
3.01 0.13 
2.91 0.13 
3.03 0.13 

2.82 0.12 

2.77 0.12 

2.69 0.12 

2.51 0.11 

2.51 0.11 

2.57 0.12 

2.71 0.12 

2.82 0.12 

2.73 0.12 

2.72 0.12 

2.65 0.12 

2.63 0.12 

2.69 0.12 

2.66 0.12 

2.63 0.12 

2.54 0.12 

2.57 0.12 

2.78 0.12 
2.48 0.11 

2.81 0.12 

2.46 0.11 

2.57 0.12 

2.64 0.12 

2.80 0.12 

2.73 0.12 

2.57 0.12 

2.82 0.12 

2.86 0.12 

2.80 0.12 

2.73 0.12 
2.39 0.11 
2.45 0.11 

2.17 0.10 


2.82 0.12 

2.74 0.12 

2.83 0.12 

2.75 0.12 

2.75 0.12 

2.64 0.12 

2.71 0.12 

2.83 0.13 

2.74 0.12 

2.80 0.12 

2.70 0.12 

2.77 0.12 

2.74 0.12 

2.75 0.12 

2.67 0.12 

2.81 0.12 

2.76 0.12 

2.89 0.13 
3.03 0.13 

2.90 0.13 

2.89 0.13 

2.78 0.12 

2.70 0.12 

2.67 0.12 

2.79 0.12 

2.77 0.12 

2.75 0.12 

2.81 0.12 

2.72 0.12 

2.72 0.12 

2.79 0.12 

2.74 0.12 

2.79 0.12 

2.76 0.12 

2.63 0.12 

2.80 0.12 

2.70 0.12 

2.66 0.12 

2.61 0.12 

2.75 0.12 

2.67 0.12 
2.74 0.12 

2.67 0.12 

2.64 0.12 

2.59 0.12 
2.88 0.13 


0.32 0.06 
0.48 0.06 
0.33 0.06 
0.34 0.06 
0.32 0.06 
0.29 0.06 
0.32 0.06 
0.33 0.06 
0.33 0.06 
0.34 0.06 
0.32 0.06 
0.32 0.06 
0.34 0.06 
0.30 0.06 
0.34 0.06 
0.33 0.06 
0.33 0.06 
0.34 0.06 
0.28 0.05 
0.36 0.06 
0.37 0.06 
0.29 0.06 
0.28 0.06 
0.31 0.06 
0.30 0.06 
0.35 0.06 
0.34 0.06 
0.31 0.06 
0.31 0.06 
0.30 0.06 
0.26 0.05 
0.29 0.06 
0.34 0.06 
0.28 0.05 
0.28 0.06 
0.25 0.05 
0.28 0.06 
0.28 0.06 
0.28 0.05 
0.31 0.06 
0.24 0.05 
0.28 0.06 
0.28 0.06 
0.29 0.06 
0.26 0.05 
0.27 0.05 


0.69 0.08 
0.75 0.08 
0.90 0.09 
0.94 0.09 
0.92 0.09 
0.91 0.09 
0.87 0.09 
0.89 0.09 
0.93 0.09 
0.95 0.09 
0.91 0.09 
0.92 0.09 
0.92 0.09 
0.96 0.10 
0.89 0.09 
0.89 0.09 
0.86 0.09 
0.87 0.09 
0.86 0.09 
0.86 0.09 
0.83 0.09 
0.87 0.09 
0.92 0.09 
0.87 0.09 
0.87 0.09 
0.87 0.09 
0.88 0.09 
0.89 0.09 
0.81 0.09 
0.74 0.08 
0.72 0.08 
0.74 0.08 
0.72 0.08 
0.79 0.09 
0.80 0.09 
0.84 0.09 
0.81 0.09 
0.78 0.09 
0.83 0.09 
0.80 0.09 
0.78 0.09 
0.80 0.09 
0.81 0.09 
0.79 0.09 
0.66 0.08 
0.76 0.08 
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U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.3 

U4 U4.4 

U4 U4.4 

U4 U4.4 

U4 U4.4 

U4 U4.4 

U4 U4.4 

U4 U4.4 

U4 U4.4 

U4 U4.4 

U4 U4.5 

U4 U4.5 

U4 U4.5 

U4 U4.5 

U4 U4.6 

U4 U4.6 

U4 U4.6 

U4 U4.6 

U4 U4.6 

U4 U4.7 

U4 U4.7 

U4 U4.7 

U4 U4.7 

U4 U4.7 

U4 U4.7 

U4 U4.7 

U4 U4.7 

U4 U4.7 

U4 U4.7 

U4 U4.7 

U4 U4.7 


76.68 3.24 

76.51 3.23 

77.64 3.28 

76.65 3.24 

75.84 3.20 

74.71 3.15 

76.57 3.23 
77.46 3.27 

76.19 3.22 

77.94 3.29 

73.27 3.10 
69.01 2.92 

70.25 2.97 

78.86 3.33 

72.36 3.06 

73.31 3.10 

73.22 3.09 

74.55 3.15 
74.01 3.13 

74.44 3.14 

76.13 3.21 

73.12 3.09 

74.54 3.15 

72.69 3.07 

74.57 3.15 

76.30 3.22 

75.45 3.19 

72.74 3.07 
73.02 3.08 

77.13 3.25 

76.26 3.22 

75.83 3.20 

75.88 3.20 

76.22 3.22 

75.71 3.20 

74.68 3.15 

76.38 3.22 

76.68 3.24 
75.99 3.21 

76.71 3.24 
75.04 3.17 


13.48 0.67 

13.61 0.68 

13.67 0.68 

13.71 0.69 

13.20 0.66 

12.51 0.63 

13.21 0.66 

13.57 0.68 
13.50 0.68 

13.71 0.69 
13.07 0.66 

17.28 0.85 

17.84 0.88 

12.58 0.63 

15.29 0.76 

15.81 0.78 

15.39 0.76 

15.63 0.77 
15.33 0.76 

13.64 0.68 

14.31 0.71 

13.56 0.68 
14.07 0.70 

14.13 0.70 
14.60 0.73 
13.24 0.66 

14.21 0.71 
15.17 0.75 

16.13 0.80 
14.05 0.70 

13.89 0.69 
14.47 0.72 
15.09 0.75 

13.79 0.69 

13.85 0.69 

13.92 0.69 

14.19 0.71 

13.95 0.70 

14.36 0.72 

14.16 0.71 

13.91 0.69 


2.49 0.19 

2.40 0.19 

2.58 0.20 
2.32 0.18 

2.30 0.18 
2.25 0.18 
2.25 0.18 

2.31 0.18 

2.41 0.19 

2.19 0.17 
2.24 0.18 

3.35 0.24 

3.21 0.24 
2.57 0.20 
3.08 0.23 

2.91 0.22 

2.86 0.21 
3.17 0.23 
3.02 0.22 

3.10 0.23 

3.51 0.25 

3.31 0.24 

3.48 0.25 

3.61 0.26 

2.91 0.22 
3.01 0.22 

2.95 0.22 
2.76 0.21 

2.83 0.21 

2.56 0.20 

2.57 0.20 

2.61 0.20 

2.58 0.20 

2.64 0.20 

2.67 0.20 

2.58 0.20 

2.74 0.21 

2.64 0.20 

2.45 0.19 
2.70 0.20 

2.54 0.19 


3.60 0.14 

3.39 0.14 

3.45 0.14 

3.38 0.14 

3.45 0.14 

3.67 0.15 

3.52 0.14 

3.41 0.14 

3.56 0.14 

3.35 0.14 

3.56 0.14 
3.33 0.14 
3.01 0.13 
3.01 0.13 

3.27 0.13 

2.92 0.12 

3.11 0.13 

3.16 0.13 

3.11 0.13 

3.56 0.14 

3.91 0.15 

3.72 0.15 
4.04 0.16 

3.94 0.15 

3.30 0.13 

3.57 0.14 

3.45 0.14 

3.27 0.13 

3.21 0.13 
3.06 0.13 
3.03 0.13 
3.02 0.13 

2.98 0.12 
3.14 0.13 

3.20 0.13 

3.39 0.14 

3.16 0.13 

3.28 0.13 

2.99 0.12 
3.07 0.13 

3.21 0.13 


2.27 0.11 

2.46 0.11 

2.22 0.11 

2.54 0.12 
2.38 0.11 

2.28 0.11 

2.29 0.11 

2.32 0.11 

2.35 0.11 
2.37 0.11 
2.43 0.11 

3.46 0.14 

3.48 0.14 

2.29 0.11 

2.81 0.12 

2.88 0.13 
3.01 0.13 

2.61 0.12 

2.94 0.13 

2.23 0.11 
2.01 0.10 

1.85 0.09 

2.13 0.10 

2.28 0.11 
2.01 0.10 

1.88 0.10 

1.95 0.10 

2.36 0.11 
2.43 0.11 

2.54 0.11 

2.65 0.12 

2.72 0.12 

2.65 0.12 

2.55 0.12 

2.55 0.12 
2.06 0.10 

2.62 0.12 
2.09 0.10 

2.87 0.12 

2.53 0.11 

2.75 0.12 


2.73 0.12 

2.74 0.12 

2.68 0.12 

2.66 0.12 

2.68 0.12 

2.69 0.12 

2.86 0.13 

2.71 0.12 

2.70 0.12 

2.64 0.12 
2.77 0.12 
3.04 0.13 

2.93 0.13 

2.29 0.11 

2.68 0.12 
2.90 0.13 

2.86 0.13 

2.81 0.12 

2.83 0.13 

2.92 0.13 

2.79 0.12 

2.92 0.13 

2.79 0.12 
2.90 0.13 

2.89 0.13 

2.92 0.13 
3.00 0.13 

2.90 0.13 
3.03 0.13 

2.96 0.13 

2.81 0.12 

2.83 0.12 

2.86 0.13 

2.81 0.12 

2.81 0.12 
3.07 0.13 

2.95 0.13 
3.04 0.13 

2.84 0.13 

2.89 0.13 

2.96 0.13 


0.26 0.05 
0.25 0.05 
0.26 0.05 
0.24 0.05 
0.23 0.05 
0.29 0.06 
0.27 0.05 
0.27 0.05 
0.27 0.05 
0.27 0.05 
0.30 0.06 
0.35 0.06 
0.41 0.06 
0.22 0.05 
0.32 0.06 
0.31 0.06 
0.29 0.06 
0.34 0.06 
0.34 0.06 
0.34 0.06 
0.33 0.06 
0.27 0.05 
0.34 0.06 
0.32 0.06 
0.34 0.06 
0.35 0.06 
0.34 0.06 
0.39 0.06 
0.36 0.06 
0.28 0.05 
0.28 0.05 
0.33 0.06 
0.28 0.05 
0.29 0.06 
0.30 0.06 
0.31 0.06 
0.29 0.06 
0.32 0.06 
0.28 0.06 
0.27 0.05 
0.28 0.06 


0.76 0.08 
0.77 0.09 
0.75 0.08 
0.77 0.09 
0.70 0.08 
0.67 0.08 
0.77 0.09 
0.77 0.09 
0.70 0.08 
0.76 0.08 
0.69 0.08 
0.90 0.09 
0.95 0.09 
0.71 0.08 
0.84 0.09 
0.84 0.09 
0.82 0.09 
0.90 0.09 
0.83 0.09 
0.80 0.09 
0.81 0.09 
0.74 0.08 
0.75 0.08 
0.76 0.08 
0.87 0.09 
0.80 0.09 
0.84 0.09 
0.87 0.09 
0.90 0.09 
0.76 0.09 
0.75 0.08 
0.80 0.09 
0.78 0.09 
0.76 0.09 
0.76 0.08 
0.80 0.09 
0.79 0.09 
0.80 0.09 
0.75 0.08 
0.79 0.09 
0.74 0.08 
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Figure C.l: A1 compositional map of sample AA.B showing the agglomerates characterized in the sample. 
Agglomerates Bl, B2, and B3 have CaMgFe interfaces. B1 and B3 are exterior agglomerates, while B2 is 
a surface agglomerate within agglomerate B3. All were characterized for their U isotopic (from [67]) and 
major element compositions. 
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Figure C.2: Si and A1 Compositional maps showing the agglomerates characterized in sample AE.C (shown 
with a BSE image). Cl and C2 were characterized for both their U isotopic (from obtained from [67]) 
and major element compositions. Agglomerates C3 and C4 were characterized for their major element 
compositions. All are exterior agglomerates. 
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Figure C.3: Compositional maps showing the agglomerates characterized in sample AG.D. Both D1 and 
D2 (exterior agglomerates with CaMgFe interfaces) were characterized for both their U isotopic and major 
element compositions. 
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Figure C.4: BSE image of sample AH.E showing the agglomerates characterized in the sample. Both El and 
E2 are exterior agglomerates. El (CaMgFe interface) was characterized for both its U isotopic (from [67]) 
and major element compositions and E2 (indeterminate interface) was characterized for its major element 
composition. 
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Figure C.5: Compositional maps showing the agglomerate characterized in sample FLD10. FLD10.L (exterior 
agglomerate) was characterized for both its U isotopic and major element compositions. 
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Figure C.6: Compositional maps showing the agglomerates characterized in sample FLD14. Both FLD14.L 
(CaMgFe interface) and FLD14.1 (Si interface) were characterized for their U isotopic and major composi¬ 
tions. 
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Figure C.7: Compositional maps showing the agglomerates characterized in sample FLD17. FLD17.int.2 
was characterized for both its U isotopic and major element compositions. All other agglomerates were 
characterized for their major element compositions. 
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Figure C.8: Compositional maps showing the agglomerates characterized in sample FLD18. FLD18.1 and 
FLD18.2 were characterized for both their U isotopic and major element compositions FLD18.1 has a CaMgFe 
interface and FLD18.2 has a Si interface. FLD18.3 and FLD18.4 were characterized for their major element 
compositions. 
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Figure C.9: Compositional maps showing the agglomerates characterized in sample FLD21. 
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Figure C.10: Compositional maps showing the agglomerates characterized in sample FLD23. FLD23.1.1- 
FLD23.5.1 are surface agglomerates and FLD23.L is an exterior agglomerate. All were characterized for 
both major element and U isotopic composition. All agglomerates have Si interfaces. 
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Figure C.ll: Compositional maps showing the agglomerates characterized in sample FLD4.3. Agglomerates 
FLD4.3.1, FLD4.3.2, FLD4.3.3, and FLD4.3.5 are interior agglomerates and were characterized for both 
their major element and U isotopic composition. FLD4.3.UA and FLD4.3.4 are surface agglomerates and 
were characterized for their major element composition. All agglomerates have Si interfaces. 
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Figure C.12: A1 compositional map showing the agglomerates characterized in sample FLD4.4. Both 
FLD4.4.1 and FLD4.4.2 were characterized for their major element compositions. Both agglomerates have 
Si interfaces. 
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Figure C.13: Compositional maps showing the agglomerates characterized in sample U1B. Both U1B.L 
(interior agglomerate) and U1B.2 (surface agglomerate) were characterized for both their U isotopic and 
major element compositions. Both agglomerates have Si interfaces. 
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Figure C.14: A1 compositional map showing the agglomerates characterized in sample U3. All labeled 
agglomerates were characterized for both their major element and U isotopic compositions. However, only 
SIMS analyses in agglomerates U3.1 and U3.2 were fully located in the agglomerate. SIMS analyses in U3.3- 
U3.5 sampled the agglomerate, the compositional interface, and the host object and represent a mixture of 
the U isotopic compositions from these three regions. Red circles show the SIMS analyses conducted using 
the IMS-3f at LLNL in a 2012 analytical campaign and yellow squares show the locations of SIMS analyses 
conducted using the IMS-1280 at LANL in a 2012-2013 analytical campaign (both discussed further in [60]). 
The SIMS analyses are labeled in Appendix F. 
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Figure C.15: Compositional maps showing the agglomerates characterized in sample U4. U4.1 (surface), U4.2 
(interior), and U4.3 (surface) were characterized for both their U isotopic and major element compositions. 
Agglomerates U4.4-U4.7 were charactered for their major element compositions. Red circles in the full map 
of sample U4 show the SIMS analyses conducted using the IMS-3f in a 2012 analytical campaign (discussed 
further in [60] and labeled in Appendix F). 
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Appendix D 

EDS analyses of unmelted soil and 
unmelted/partially-melted regions in 
sample FLD10 


Table D.l: Major element compositions (as wt.% oxides) of unmelted soil collected proximate to ground 
zero analyzed with EDS rasters. Analyses were targeted and not collected in a grid-based pattern, unlike 
the host and agglomerate EDS analyses. Analytical procedure is detailed in Chapter 4. Uncertainties are 
calculated as detailed in Chapter 6. 


Si02 la AI2O3 la Na20 1<t K 2 O 1<t 

97.85 4.11 0.56 0.08 0.03 0.04 0.03 0.03 

76.97 3.25 12.28 0.62 5.00 0.35 4.66 0.18 

83.80 3.53 9.76 0.50 3.74 0.27 3.61 0.14 

77.43 3.27 9.68 0.50 4.55 0.32 3.79 0.15 

77.95 3.29 11.29 0.57 4.60 0.32 4.27 0.16 

67.43 2.85 19.94 0.97 5.94 0.41 7.14 0.25 

66.75 2.83 22.02 1.07 5.35 0.37 7.54 0.26 

66.92 2.83 22.30 1.08 5.31 0.37 7.39 0.26 

62.63 2.65 25.10 1.21 7.62 0.51 1.83 0.09 

60.03 2.55 25.73 1.24 7.23 0.49 1.31 0.07 

61.08 2.59 24.53 1.19 7.51 0.50 1.80 0.09 

60.57 2.57 25.11 1.21 7.84 0.52 0.92 0.06 

65.99 2.79 20.17 0.98 7.19 0.48 5.23 0.19 

58.77 2.49 26.30 1.27 6.99 0.47 1.00 0.06 

59.97 2.54 25.90 1.25 7.00 0.47 1.14 0.07 

99.89 4.20 0.50 0.07 0.03 0.04 0.03 0.03 

59.36 2.52 25.00 1.21 7.19 0.48 1.44 0.08 

66.12 2.80 19.11 0.93 5.40 0.37 7.28 0.26 

66.76 2.83 18.91 0.93 5.59 0.38 6.89 0.24 

100.81 4.24 1.08 0.10 0.09 0.04 0.13 0.04 

65.43 2.77 20.92 1.02 6.63 0.45 5.64 0.21 

66.42 2.81 19.59 0.96 5.83 0.40 6.87 0.24 

66.39 2.81 18.45 0.90 5.50 0.38 6.49 0.23 

61.41 2.60 24.45 1.18 7.51 0.50 1.82 0.09 

62.28 2.64 22.65 1.10 7.21 0.48 2.77 0.12 

67.34 2.85 19.77 0.97 5.69 0.39 7.29 0.26 

66.28 2.81 19.08 0.93 5.36 0.37 7.62 0.27 

61.86 2.62 18.14 0.89 5.25 0.36 5.73 0.21 

67.94 2.87 19.93 0.97 5.68 0.39 7.59 0.27 

64.96 2.75 19.30 0.94 6.15 0.42 6.33 0.23 


CaO la FeO la TiCU la MgO la 

0.03 0.04 0.07 0.04 0.03 0.05 0.03 0.05 

0.03 0.04 2.96 0.13 0.07 0.05 0.03 0.05 

0.03 0.04 1.76 0.09 0.03 0.05 0.12 0.05 

0.03 0.04 3.94 0.16 0.33 0.06 0.03 0.05 

0.03 0.04 2.70 0.12 0.03 0.05 0.03 0.05 

0.84 0.06 1.58 0.09 0.56 0.06 0.06 0.05 

0.69 0.06 0.23 0.04 0.03 0.05 0.27 0.06 

0.86 0.06 0.30 0.05 0.07 0.05 0.25 0.06 

5.64 0.21 0.42 0.05 0.14 0.05 0.27 0.06 

6.78 0.24 0.33 0.05 0.10 0.05 0.03 0.05 

5.51 0.20 0.36 0.05 0.13 0.05 0.22 0.06 

6.11 0.22 0.45 0.05 0.16 0.05 0.03 0.05 

1.13 0.07 0.85 0.06 0.14 0.05 0.30 0.06 

7.50 0.26 0.39 0.05 0.16 0.05 0.24 0.06 

6.91 0.25 0.44 0.05 0.15 0.05 0.27 0.06 

0.05 0.04 0.03 0.04 0.03 0.05 0.03 0.05 

6.68 0.24 0.31 0.05 0.09 0.05 0.21 0.06 

0.82 0.06 2.35 0.11 0.52 0.06 0.33 0.06 

1.02 0.07 1.84 0.09 0.56 0.06 0.30 0.06 

0.05 0.04 0.14 0.04 0.03 0.05 0.03 0.05 

1.26 0.08 0.61 0.06 0.62 0.07 0.03 0.05 

0.98 0.07 1.33 0.08 0.61 0.07 0.13 0.05 

0.94 0.07 1.76 0.09 0.62 0.07 0.16 0.05 

5.43 0.20 0.39 0.05 0.05 0.05 0.23 0.06 

4.10 0.16 0.90 0.07 0.17 0.05 0.11 0.05 

0.82 0.06 1.83 0.09 0.51 0.06 0.11 0.05 

1.21 0.08 2.03 0.10 0.54 0.06 0.43 0.07 

1.65 0.09 2.40 0.11 0.54 0.06 0.77 0.09 

0.77 0.06 1.38 0.08 0.57 0.06 0.03 0.05 

0.85 0.06 1.42 0.08 0.68 0.07 0.07 0.05 
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65.80 

2.79 

19.32 

0.94 

6.41 

0.43 

5.70 

0.21 

0.98 

0.07 

2.35 

0.11 

0.60 

0.07 

0.15 

0.05 

61.08 

59.45 

2.59 

2.52 

24.80 

23.77 

1.20 

1.15 

7.39 

7.45 

0.49 

0.50 

1.73 

1.65 

0.09 

0.08 

5.58 

5.58 

0.21 

0.21 

0.37 

0.40 

0.05 

0.05 

0.11 

0.19 

0.05 

0.05 

0.24 

0.03 

0.06 

0.05 

101.47 

4.26 

0.56 

0.08 

0.03 

0.04 

0.03 

0.03 

0.03 

0.04 

0.03 

0.04 

0.03 

0.05 

0.03 

0.05 

101.09 

4.25 

0.56 

0.08 

0.03 

0.04 

0.03 

0.03 

0.03 

0.04 

0.03 

0.04 

0.03 

0.05 

0.03 

0.05 

83.10 

3.50 

10.13 

0.52 

3.61 

0.26 

4.18 

0.16 

0.03 

0.04 

1.55 

0.09 

0.03 

0.05 

0.11 

0.05 

78.40 

3.31 

12.84 

0.64 

4.77 

0.33 

5.26 

0.19 

0.03 

0.04 

1.84 

0.09 

0.03 

0.05 

0.03 

0.05 

83.96 

3.54 

10.05 

0.52 

3.83 

0.27 

3.78 

0.15 

0.12 

0.04 

1.43 

0.08 

0.05 

0.05 

0.16 

0.05 

89.44 

3.76 

5.89 

0.32 

2.59 

0.20 

2.19 

0.10 

0.03 

0.04 

0.90 

0.07 

0.03 

0.05 

0.14 

0.05 

75.45 

3.19 

14.27 

0.71 

5.44 

0.37 

5.48 

0.20 

0.03 

0.04 

2.11 

0.10 

0.06 

0.05 

0.14 

0.05 

78.98 

3.33 

12.29 

0.62 

5.13 

0.36 

4.43 

0.17 

0.03 

0.04 

1.92 

0.10 

0.03 

0.05 

0.18 

0.05 

76.73 

3.24 

13.71 

0.68 

5.06 

0.35 

5.41 

0.20 

0.05 

0.04 

1.99 

0.10 

0.03 

0.05 

0.03 

0.05 

78.80 

3.32 

8.84 

0.46 

4.60 

0.32 

3.21 

0.13 

0.81 

0.06 

4.99 

0.19 

0.09 

0.05 

0.03 

0.05 

81.27 

3.43 

11.09 

0.56 

4.35 

0.31 

4.44 

0.17 

0.09 

0.04 

2.10 

0.10 

0.03 

0.05 

0.13 

0.05 

77.47 

3.27 

13.05 

0.65 

5.19 

0.36 

4.81 

0.18 

0.12 

0.04 

2.40 

0.11 

0.03 

0.05 

0.03 

0.05 

71.43 

3.02 

16.17 

0.80 

6.08 

0.41 

5.94 

0.22 

0.03 

0.04 

2.68 

0.12 

0.03 

0.05 

0.17 

0.05 

82.57 

3.48 

9.91 

0.51 

3.75 

0.27 

3.81 

0.15 

0.11 

0.04 

1.55 

0.09 

0.03 

0.05 

0.11 

0.05 

84.19 

3.55 

8.18 

0.43 

3.24 

0.24 

3.01 

0.13 

0.07 

0.04 

1.45 

0.08 

0.03 

0.05 

0.18 

0.05 

77.74 

3.28 

13.19 

0.66 

4.69 

0.33 

5.50 

0.20 

0.03 

0.04 

2.06 

0.10 

0.03 

0.05 

0.03 

0.05 

83.68 

3.53 

10.22 

0.52 

3.62 

0.26 

4.29 

0.16 

0.03 

0.04 

1.69 

0.09 

0.06 

0.05 

0.09 

0.05 

84.03 

3.54 

9.69 

0.50 

3.45 

0.25 

4.03 

0.16 

0.05 

0.04 

1.55 

0.09 

0.03 

0.05 

0.15 

0.05 

75.84 

3.20 

12.19 

0.61 

4.16 

0.30 

4.40 

0.17 

0.05 

0.04 

3.07 

0.13 

0.03 

0.05 

0.03 

0.05 

83.94 

3.54 

10.16 

0.52 

3.83 

0.27 

3.99 

0.16 

0.03 

0.04 

1.51 

0.08 

0.03 

0.05 

0.14 

0.05 

59.99 

2.55 

25.68 

1.24 

7.16 

0.48 

1.34 

0.07 

6.61 

0.24 

0.39 

0.05 

0.12 

0.05 

0.03 

0.05 

59.63 

2.53 

24.80 

1.20 

7.27 

0.49 

1.61 

0.08 

6.14 

0.22 

0.53 

0.05 

0.19 

0.05 

0.22 

0.06 

61.31 

2.60 

25.33 

1.22 

7.41 

0.50 

1.60 

0.08 

5.94 

0.22 

0.34 

0.05 

0.13 

0.05 

0.22 

0.06 

59.44 

2.52 

26.42 

1.27 

6.94 

0.47 

..15 

0.07 

7.59 

0.27 

0.43 

0.05 

0.11 

0.05 

0.27 

0.06 

64.70 

2.74 

21.20 

1.03 

5.02 

0.35 

7.56 

0.26 

0.84 

0.06 

0.24 

0.05 

1.13 

0.08 

0.22 

0.06 

66.82 

2.83 

21.26 

1.03 

4.97 

0.34 

8.24 

0.29 

0.62 

0.06 

0.35 

0.05 

0.80 

0.07 

0.21 

0.06 

60.53 

2.57 

24.87 

1.20 

7.24 

0.49 

1.62 

0.08 

6.09 

0.22 

0.52 

0.05 

0.20 

0.05 

0.03 

0.05 

56.65 

2.41 

28.81 

1.38 

5.95 

0.41 

0.61 

0.05 

9.67 

0.33 

0.47 

0.05 

0.10 

0.05 

0.33 

0.06 

72.23 

3.05 

14.63 

0.73 

3.18 

0.23 

7.22 

0.25 

0.60 

0.06 

1.08 

0.07 

0.28 

0.05 

0.24 

0.06 

67.96 

2.88 

17.49 

0.86 

5.21 

0.36 

6.31 

0.23 

0.86 

0.06 

0.68 

0.06 

0.15 

0.05 

0.31 

0.06 

51.45 

2.19 

1.78 

0.13 

5.46 

0.38 

0.83 

0.06 

9.88 

0.34 

26.72 

0.86 

0.71 

0.07 

0.13 

0.05 

74.87 

3.16 

12.53 

0.63 

3.82 

0.27 

4.37 

0.17 

0.37 

0.05 

0.57 

0.06 

0.07 

0.05 

0.03 

0.05 

76.64 

3.23 

12.86 

0.65 

3.81 

0.27 

4.34 

0.17 

0.35 

0.05 

0.59 

0.06 

0.10 

0.05 

0.03 

0.05 

95.36 

4.01 

1.48 

0.12 

0.03 

0.04 

0.15 

0.04 

0.59 

0.06 

0.25 

0.05 

0.03 

0.05 

0.17 

0.05 

80.60 

3.40 

12.10 

0.61 

3.11 

0.23 

5.02 

0.19 

0.22 

0.04 

0.40 

0.05 

0.03 

0.05 

0.03 

0.05 

75.59 

3.19 

13.17 

0.66 

3.26 

0.24 

4.64 

0.18 

1.19 

0.07 

1.17 

0.07 

0.22 

0.05 

0.16 

0.05 

74.49 

3.15 

12.56 

0.63 

3.31 

0.24 

4.73 

0.18 

0.42 

0.05 

0.73 

0.06 

0.11 

0.05 

0.24 

0.06 

76.03 

3.21 

12.80 

0.64 

4.01 

0.29 

4.23 

0.16 

0.28 

0.05 

1.12 

0.07 

0.03 

0.05 

0.25 

0.06 

71.69 

3.03 

11.61 

0.59 

3.11 

0.23 

4.43 

0.17 

1.37 

0.08 

4.49 

0.18 

0.18 

0.05 

0.29 

0.06 

74.02 

3.13 

14.56 

0.72 

3.40 

0.25 

5.71 

0.21 

0.62 

0.06 

1.30 

0.08 

0.57 

0.06 

0.17 

0.05 

68.02 

2.88 

19.89 

0.97 

5.04 

0.35 

8.94 

0.31 

0.11 

0.04 

0.34 

0.05 

0.09 

0.05 

0.03 

0.05 

77.66 

3.28 

13.10 

0.66 

3.37 

0.25 

4.67 

0.18 

0.32 

0.05 

0.69 

0.06 

0.07 

0.05 

0.03 

0.05 

74.61 

3.15 

11.49 

0.58 

4.62 

0.32 

4.42 

0.17 

0.03 

0.04 

2.97 

0.13 

0.03 

0.05 

0.16 

0.05 

74.16 

3.13 

13.81 

0.69 

5.46 

0.38 

4.71 

0.18 

0.08 

0.04 

1.69 

0.09 

0.07 

0.05 

0.03 

0.05 

78.83 

3.33 

11.51 

0.58 

4.60 

0.32 

4.08 

0.16 

0.03 

0.04 

1.45 

0.08 

0.05 

0.05 

0.21 

0.06 

77.67 

3.28 

10.52 

0.54 

4.42 

0.31 

3.59 

0.14 

0.15 

0.04 

3.67 

0.15 

0.38 

0.06 

0.03 

0.05 

82.60 

3.48 

10.90 

0.56 

4.05 

0.29 

3.82 

0.15 

0.09 

0.04 

1.65 

0.09 

0.03 

0.05 

0.22 

0.06 

76.24 

3.22 

11.30 

0.57 

4.51 

0.32 

4.24 

0.16 

0.07 

0.04 

2.91 

0.13 

0.19 

0.05 

0.03 

0.05 

77.61 

3.27 

11.68 

0.59 

4.61 

0.32 

4.48 

0.17 

0.05 

0.04 

1.60 

0.09 

0.03 

0.05 

0.03 

0.05 

77.70 

3.28 

14.03 

0.70 

5.10 

0.35 

5.12 

0.19 

0.07 

0.04 

0.63 

0.06 

0.03 

0.05 

0.03 

0.05 

76.33 

3.22 

12.30 

0.62 

4.82 

0.34 

4.43 

0.17 

0.07 

0.04 

1.76 

0.09 

0.03 

0.05 

0.06 

0.05 

61.89 

77.90 

2.62 

3.29 

10.01 

12.81 

0.51 

0.64 

7.36 

5.02 

0.49 

0.35 

4.29 

4.74 

0.16 

0.18 

2.04 

0.07 

0.10 

0.04 

11.67 

1.85 

0.40 

0.09 

0.32 

0.03 

0.06 

0.05 

0.13 

0.03 

0.05 

0.05 

81.02 

3.42 

11.76 

0.59 

4.24 

0.30 

4.48 

0.17 

0.07 

0.04 

1.84 

0.09 

0.03 

0.05 

0.34 

0.06 

77.85 

3.28 

10.69 

0.55 

3.82 

0.27 

3.94 

0.15 

0.08 

0.04 

3.26 

0.14 

0.29 

0.06 

0.07 

0.05 

71.61 

3.03 

15.46 

0.77 

5.81 

0.40 

6.10 

0.22 

0.05 

0.04 

2.36 

0.11 

0.03 

0.05 

0.26 

0.06 

87.30 

3.68 

8.72 

0.45 

3.94 

0.28 

2.33 

0.10 

0.03 

0.04 

1.21 

0.07 

0.03 

0.05 

0.03 

0.05 

76.38 

3.22 

14.41 

0.72 

4.88 

0.34 

5.78 

0.21 

0.13 

0.04 

1.59 

0.09 

0.03 

0.05 

0.03 

0.05 

68.16 

2.88 

19.06 

0.93 

8.03 

0.53 

5.34 

0.20 

0.03 

0.04 

1.12 

0.07 

0.12 

0.05 

0.26 

0.06 
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83.55 

3.52 

10.46 

0.53 

3.59 

0.26 

4.22 

0.16 

0.03 

0.04 

1.66 

0.09 

0.03 

0.05 

0.03 

0.05 

79.93 

3.37 

12.09 

0.61 

4.78 

0.33 

4.32 

0.17 

0.03 

0.04 

1.74 

0.0 


0.03 

0.05 

0.03 

0.05 

78.56 

3.31 

12.93 

0.65 

4.99 

0.35 

4.79 

0.18 

0.03 

0.04 

1.85 

0.0 


0.05 

0.05 

0.03 

0.05 

84.52 

3.56 

9.23 

0.48 

3.58 

0.26 

3.37 

0.14 

0.03 

0.04 

1.51 

0.08 

0.03 

0.05 

0.03 

0.05 

96.70 

4.07 

3.72 

0.22 

1.22 

0.11 

1.13 

0.07 

0.03 

0.04 

1.14 

0.0 


0.03 

0.05 

0.03 

0.05 

81.43 

3.43 

11.84 

0.60 

4.19 

0.30 

4.46 

0.17 

0.05 

0.04 

0.59 

0.06 

0.03 

0.05 

0.03 

0.05 

67.98 

2.88 

17.15 

0.84 

7.19 

0.48 

6.70 

0.24 

0.03 

0.04 

3.73 

0.1 


0.06 

0.05 

0.29 

0.06 

71.77 

3.03 

16.46 

0.81 

6.24 

0.42 

6.40 

0.23 

0.03 

0.04 

2.47 

0.1 


0.03 

0.05 

0.30 

0.06 

82.34 

3.47 

10.58 

0.54 

3.81 

0.27 

4.18 

0.16 

0.08 

0.04 

1.84 

0.0 


0.03 

0.05 

0.03 

0.05 

69.58 

2.94 

17.27 

0.85 

6.73 

0.45 

6.61 

0.24 

0.03 

0.04 

2.24 

0.1 


0.03 

0.05 

0.33 

0.06 

83.62 

3.52 

9.04 

0.47 

3.54 

0.26 

3.19 

0.13 

0.03 

0.04 

1.50 

0.08 

0.03 

0.05 

0.03 

0.05 

84.96 

3.58 

8.58 

0.45 

3.54 

0.26 

3.01 

0.13 

0.03 

0.04 

1.40 

0.08 

0.03 

0.05 

0.03 

0.05 

76.24 

3.22 

10.62 

0.54 

4.11 

0.29 

4.38 

0.17 

0.03 

0.04 

1.98 

0.1 


0.03 

0.05 

0.07 

0.05 

84.80 

3.57 

7.96 

0.42 

3.04 

0.23 

3.03 

0.13 

0.03 

0.04 

1.39 

0.0 


0.07 

0.05 

0.03 

0.05 

60.58 

2.57 

12.55 

0.63 

7.80 

0.52 

3.83 

0.15 

3.15 

0.13 

10.88 

0.3 


0.25 

0.05 

0.08 

0.05 

73.84 

3.12 

16.09 

0.80 

6.02 

0.41 

6.03 

0.22 

0.03 

0.04 

1.42 

0.0 


0.03 

0.05 

0.03 

0.05 

70.00 

2.96 

17.34 

0.85 

5.72 

0.39 

6.84 

0.24 

0.10 

0.04 

2.88 

0.1 


0.07 

0.05 

0.05 

0.05 

69.45 

2.94 

19.54 

0.95 

7.89 

0.53 

5.93 

0.21 

0.03 

0.04 

0.80 

0.0 


0.07 

0.05 

0.28 

0.06 

72.84 

3.08 

15.81 

0.78 

6.02 

0.41 

6.04 

0.22 

0.03 

0.04 

2.15 

0.10 

0.03 

0.05 

0.03 

0.05 

69.49 

2.94 

17.01 

0.84 

6.05 

0.41 

6.92 

0.25 

0.06 

0.04 

2.79 

0.12 

0.03 

0.05 

0.27 

0.06 

73.95 

3.12 

13.71 

0.69 

4.08 

0.29 

4.19 

0.16 

0.17 

0.04 

2.76 

0.12 

0.12 

0.05 

0.27 

0.06 

97.75 

4.11 

0.37 

0.07 

0.03 

0.04 

0.03 

0.03 

0.17 

0.04 

0.05 

0.0 


0.03 

0.05 

0.11 

0.05 

100.19 

4.21 

0.41 

0.07 

0.06 

0.04 

0.03 

0.03 

0.32 

0.05 

0.07 

0.0 

l 

0.03 

0.05 

0.15 

0.05 

96.63 

4.06 

0.36 

0.07 

0.03 

0.04 

0.03 

0.03 

0.26 

0.05 

0.03 

0.0 


0.03 

0.05 

0.07 

0.05 

98.07 

4.12 

0.32 

0.07 

0.03 

0.04 

0.03 

0.03 

0.35 

0.05 

0.03 

0.0 


0.03 

0.05 

0.07 

0.05 

95.54 

4.02 

0.70 

0.08 

0.03 

0.04 

0.03 

0.03 

0.51 

0.05 

0.11 

0.0 


0.03 

0.05 

0.14 

0.05 

96.81 

4.07 

0.43 

0.07 

0.12 

0.04 

0.03 

0.03 

0.33 

0.05 

0.03 

0.0 

l 

0.03 

0.05 

0.12 

0.05 

99.70 

4.19 

0.48 

0.07 

0.16 

0.05 

0.03 

0.03 

0.32 

0.05 

0.03 

0.0 


0.03 

0.05 

0.03 

0.05 

97.72 

4.11 

0.47 

0.07 

0.11 

0.04 

0.03 

0.03 

0.37 

0.05 

0.07 

0.0 


0.03 

0.05 

0.08 

0.05 

99.78 

4.19 

0.38 

0.07 

0.03 

0.04 

0.03 

0.03 

0.59 

0.06 

0.03 

0.0 


0.03 

0.05 

0.03 

0.05 

94.73 

3.98 

0.90 

0.09 

0.03 

0.04 

0.03 

0.03 

0.34 

0.05 

0.26 

0.0 


0.06 

0.05 

0.07 

0.05 

68.47 

2.90 

17.48 

0.86 

7.24 

0.49 

6.21 

0.22 

0.03 

0.04 

1.99 

0.10 

0.03 
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60.43 2.56 25.42 1.23 6.61 

55.07 2.34 28.24 1.36 5.25 

56.30 2.39 28.19 1.36 5.61 

58.32 2.48 27.00 1.30 6.13 

57.40 2.44 29.40 1.41 5.59 

56.27 2.39 28.07 1.35 5.56 

92.86 3.91 4.68 0.27 1.16 

60.76 2.58 5.93 0.32 1.54 

56.12 2.38 2.98 0.19 0.68 

54.09 2.30 3.51 0.21 0.65 

57.86 2.46 27.69 1.33 5.94 

57.81 2.45 27.71 1.33 5.88 

59.47 2.52 26.12 1.26 6.37 

62.84 2.66 21.99 1.07 5.08 

59.86 2.54 24.53 1.19 6.30 

56.34 2.39 28.01 1.35 5.68 

96.09 4.04 3.80 0.23 1.19 

67.37 2.85 17.00 0.84 4.06 

66.47 2.81 20.25 0.99 4.88 

63.16 2.68 24.32 1.18 6.58 

57.95 2.46 27.43 1.32 6.09 

59.15 2.51 26.15 1.26 6.28 

57.62 2.45 27.27 1.31 5.62 

59.70 2.53 26.12 1.26 6.48 

59.77 2.54 27.68 1.33 6.31 

61.15 2.59 16.63 0.82 3.93 

75.63 3.19 11.88 0.60 3.55 

75.61 3.19 11.71 0.59 4.23 

77.25 3.26 10.71 0.55 3.79 

75.29 3.18 13.19 0.66 3.21 

76.66 3.24 12.26 0.62 3.69 

72.99 3.08 11.71 0.59 3.05 

75.80 3.20 11.71 0.59 4.23 

77.44 3.27 10.71 0.55 3.79 

75.85 3.20 11.88 0.60 3.55 

73.02 3.08 11.71 0.59 3.05 

75.44 3.19 13.19 0.66 3.21 

76.73 3.24 12.26 0.62 3.69 


0.45 1.82 0.09 5.26 0.20 

0.36 0.77 0.06 7.34 0.26 

0.38 0.70 0.05 7.13 0.25 

0.42 1.17 0.07 6.25 0.23 

0.38 0.67 0.05 7.39 0.26 

0.38 0.75 0.06 7.13 0.25 

0.11 1.74 0.09 0.03 0.04 

0.13 0.69 0.05 9.66 0.33 

0.08 0.11 0.04 12.52 0.42 

0.08 0.03 0.03 12.17 0.41 

0.41 0.98 0.06 6.77 0.24 

0.40 1.00 0.06 6.98 0.25 

0.43 1.44 0.08 5.85 0.21 

0.35 5.87 0.21 2.88 0.13 

0.43 2.25 0.10 5.03 0.19 

0.39 0.82 0.06 7.15 0.25 

0.11 1.22 0.07 0.03 0.04 

0.29 7.48 0.26 0.68 0.06 

0.34 8.24 0.29 0.68 0.06 

0.44 3.25 0.13 4.15 0.16 

0.41 0.75 0.06 6.60 0.24 

0.43 1.42 0.08 5.85 0.22 

0.39 1.42 0.08 6.56 0.24 

0.44 1.44 0.08 5.90 0.22 

0.43 1.13 0.07 6.34 0.23 

0.28 5.31 0.20 2.92 0.13 

0.26 3.96 0.15 0.85 0.06 

0.30 4.72 0.18 0.41 0.05 

0.27 4.08 0.16 0.59 0.06 

0.24 4.51 0.17 0.68 0.06 

0.27 4.93 0.18 0.62 0.06 

0.23 4.89 0.18 5.55 0.21 

0.30 4.72 0.18 0.41 0.05 

0.27 4.08 0.16 0.59 0.06 

0.26 3.96 0.15 0.85 0.06 

0.23 4.89 0.18 5.55 0.21 

0.24 4.51 0.17 0.68 0.06 

0.27 4.93 0.18 0.62 0.06 


0.59 0.06 0.12 0.05 0.30 0.06 

0.59 0.06 0.08 0.05 0.33 0.06 

0.68 0.06 0.09 0.05 0.03 0.05 

0.68 0.06 0.13 0.05 0.39 0.07 

0.69 0.06 0.10 0.05 0.37 0.06 

0.67 0.06 0.11 0.05 0.34 0.06 

0.13 0.04 0.10 0.05 0.09 0.05 

10.43 0.36 0.57 0.06 9.33 0.54 

12.00 0.41 0.43 0.06 17.72 0.98 

12.93 0.44 0.84 0.07 18.06 1.00 

0.64 0.06 0.07 0.05 0.35 0.06 

0.55 0.05 0.06 0.05 0.34 0.06 

0.53 0.05 0.07 0.05 0.33 0.06 

0.66 0.06 0.39 0.06 0.31 0.06 

0.75 0.06 0.11 0.05 0.16 0.05 

0.63 0.06 0.03 0.05 0.03 0.05 

0.22 0.04 0.03 0.05 0.18 0.05 

0.70 0.06 0.62 0.07 0.12 0.05 

0.39 0.05 0.33 0.06 0.29 0.06 

0.69 0.06 0.17 0.05 0.03 0.05 

0.80 0.06 0.11 0.05 0.38 0.07 

0.68 0.06 0.14 0.05 0.34 0.06 

0.79 0.06 0.11 0.05 0.37 0.06 

0.61 0.06 0.09 0.05 0.32 0.06 

0.61 0.06 0.11 0.05 0.35 0.06 

3.76 0.15 0.80 0.07 1.98 0.15 

3.02 0.13 0.24 0.05 0.53 0.07 

2.70 0.12 0.18 0.05 0.13 0.05 

2.86 0.13 0.18 0.05 0.23 0.06 

2.11 0.10 0.27 0.05 0.51 0.07 

1.39 0.08 0.14 0.05 0.15 0.05 

1.09 0.07 0.21 0.05 0.38 0.07 

2.70 0.12 0.18 0.05 0.13 0.05 

2.86 0.13 0.18 0.05 0.23 0.06 

3.02 0.13 0.24 0.05 0.53 0.07 

1.09 0.07 0.21 0.05 0.38 0.07 

2.11 0.10 0.27 0.05 0.51 0.07 

1.39 0.08 0.14 0.05 0.15 0.05 


Table D.2: Major element compositions (as wt.% oxides) of unmelted/partially melted regions in sample 
FLD10 measured using EDS rasters. Data were collected in a grid-based pattern like the host and agglomerate 
EDS analyses. Analytical procedure is detailed in Chapter 4. Uncertainties are calculated as detailed in 
Chapter 6. 

SiC>2 1 a AI2O3 la Na2 0 la K2O la CaO la FcO la TiOo 1 a MgO la 

71.96 3.04 12.79 0.64 3.42 0.25 4.60 0.17 0.98 0.07 4.83 0.19 0.31 0.06 0.47 0.07 

90.97 3.83 3.97 0.23 1.04 0.10 1.34 0.07 0.07 0.04 1.14 0.07 0.03 0.05 0.11 0.05 

75.87 3.20 12.81 0.64 3.02 0.22 4.69 0.18 0.74 0.06 0.99 0.07 0.12 0.05 0.09 0.05 

92.21 3.88 3.70 0.22 1.16 0.11 1.37 0.08 0.55 0.05 0.97 0.07 0.20 0.05 0.32 0.06 

65.15 2.76 14.04 0.70 3.84 0.28 4.43 0.17 1.79 0.09 8.45 0.30 1.47 0.09 1.19 0.11 

67.25 2.85 13.16 0.66 3.52 0.26 4.62 0.17 3.11 0.13 2.57 0.12 3.23 0.15 0.61 0.08 

63.37 2.69 20.76 1.01 4.69 0.33 4.54 0.17 2.18 0.10 3.04 0.13 0.45 0.06 0.97 0.10 

64.06 2.71 18.31 0.90 4.21 0.30 4.64 0.18 2.57 0.12 3.97 0.16 0.51 0.06 1.21 0.11 

72.69 3.07 12.40 0.62 3.52 0.26 4.31 0.17 1.15 0.07 3.36 0.14 0.90 0.07 0.59 0.08 

64.14 2.72 18.91 0.93 4.46 0.31 4.71 0.18 1.10 0.07 2.76 0.12 0.61 0.07 1.15 0.11 

69.90 2.96 16.54 0.82 3.95 0.28 4.85 0.18 1.51 0.08 1.86 0.10 0.19 0.05 0.03 0.05 

72.68 3.07 13.22 0.66 3.15 0.23 3.71 0.15 2.60 0.12 2.46 0.11 0.32 0.06 0.50 0.07 

81.44 3.43 10.94 0.56 4.19 0.30 3.92 0.15 0.03 0.04 1.62 0.09 0.03 0.05 0.22 0.06 

81.61 3.44 10.50 0.54 3.64 0.26 3.56 0.14 0.03 0.04 1.37 0.08 0.03 0.05 0.16 0.05 

72.13 3.05 13.16 0.66 3.64 0.26 4.31 0.17 1.44 0.08 4.07 0.16 0.44 0.06 0.21 0.06 
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0.43 5.14 

0.19 

2.32 

0.11 

8.81 

0.31 

0.70 

0.07 

0.33 

0.06 

81.72 3.45 

10.20 
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0.09 

0.09 

0.05 

0.03 

0.05 

78.41 3.31 
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0.35 4.21 
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0.03 
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0.26 4.22 
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3.43 

9.47 

0.49 

3.57 0.26 

3.71 

0.15 
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0.19 
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0.12 
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0.56 
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4.82 

0.18 
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0.07 
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0.23 
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0.07 
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1.77 

0.09 
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15.81 
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11.25 

0.57 

4.13 

0.29 

4.07 

0.16 

0.03 

0.04 

1.63 

0.09 

0.07 

0.05 

0.03 

0.05 

68.98 

2.92 

13.80 

0.69 

5.52 

0.38 

5.16 

0.19 

0.03 

0.04 

3.10 

0.13 

0.06 

0.05 

0.03 

0.05 

81.98 

3.46 

8.26 

0.43 

2.94 

0.22 

3.27 

0.13 

0.03 

0.04 

1.25 

0.08 

0.03 

0.05 

0.03 

0.05 

77.65 

3.28 

11.39 

0.58 

4.34 

0.31 

4.07 

0.16 

0.07 

0.04 

1.82 

0.09 

0.03 

0.05 

0.25 

0.06 

74.82 

3.16 

13.23 

0.66 

4.99 

0.35 

4.60 

0.17 

0.03 

0.04 

1.84 

0.09 

0.03 

0.05 

0.22 

0.06 

72.12 

3.05 

10.88 

0.55 

4.88 

0.34 

4.36 

0.17 

0.06 

0.04 

3.87 

0.16 

0.20 

0.05 

0.61 

0.08 

75.89 

3.20 

11.99 

0.61 

4.52 

0.32 

4.48 

0.17 

0.03 

0.04 

1.56 

0.09 

0.03 

0.05 

0.03 

0.05 

85.81 

3.61 

9.26 

0.48 

3.43 

0.25 

3.23 

0.13 

0.03 

0.04 

1.17 

0.07 

0.03 

0.05 

0.21 

0.06 

82.86 

3.49 

8.58 

0.45 

3.31 

0.24 

3.12 

0.13 

0.03 

0.04 

1.36 

0.08 

0.03 

0.05 

0.03 

0.05 

74.90 

3.16 

11.40 

0.58 

5.05 

0.35 

4.45 

0.17 

0.03 

0.04 

3.92 

0.16 

0.15 

0.05 

0.18 

0.05 

72.64 

3.07 

13.29 

0.67 

5.38 

0.37 

4.88 

0.18 

0.03 

0.04 

3.17 

0.14 

0.03 

0.05 

0.19 

0.05 

73.53 

3.11 

12.08 

0.61 

4.74 

0.33 

4.41 

0.17 

0.03 

0.04 

3.27 

0.14 

0.03 

0.05 

0.26 

0.06 

78.25 

3.30 

12.56 

0.63 

4.68 

0.33 

4.51 

0.17 

0.06 

0.04 

1.65 

0.09 

0.03 

0.05 

0.21 

0.06 

77.87 

3.29 

11.22 

0.57 

4.01 

0.29 

4.14 

0.16 

0.03 

0.04 

1.39 

0.08 

0.07 

0.05 

0.18 

0.05 

70.33 

2.97 

11.86 

0.60 

4.91 

0.34 

4.75 

0.18 

0.03 

0.04 

4.23 

0.17 

0.49 

0.06 

0.43 

0.07 

80.34 

3.39 

9.60 

0.50 

3.46 

0.25 

3.72 

0.15 

0.03 

0.04 

1.30 

0.08 

0.03 

0.05 

0.13 

0.05 

68.86 

2.91 

13.69 

0.68 

4.87 

0.34 

4.77 

0.18 

0.60 

0.06 

2.76 

0.12 

0.43 

0.06 

0.15 

0.05 
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Appendix E 

BCR-1 Data tables 

Table E.l: Same spot variation of fallout and BCR-1. Shown in Figure 4.7. 

Raster 


Sequence 

Na (wt.%) 

la 

Na (wt.%) 

la 

K (wt.%) 

la 

K (wt.%) 

la 

1 

1.95 

0.15 

2.49 

0.18 

3.16 

0.12 

1.50 

0.07 

2 

1.79 

0.14 

2.52 

0.18 

3.11 

0.12 

1.44 

0.07 

3 

1.71 

0.13 

2.50 

0.18 

3.15 

0.12 

1.49 

0.07 


Table E.3: 90 measurements of the major element composition of the glass standard BCR-1 using EDS raster 
analyses (raster diameter «10 /iin) . Data are presented here as oxide wt.%. Data are used in Figure 4.4 to 
show the deviations between EDS, EPMA, and literature values of BCR-1 and summarized in Table 4.3 to 
highlight the spot-to-spot precision of the EDS analyses. 


SiC>2 la AI2O3 1(7 Na20 la K2O la CaO la FeO la Ti02 la MgO la 


54.61 2.32 

55.79 2.37 
57.16 2.43 

56.80 2.41 
55.82 2.37 
55.30 2.35 
56.06 2.38 

55.56 2.36 

56.27 2.39 

56.28 2.39 
55.82 2.37 

55.94 2.38 

56.33 2.39 
57.02 2.42 

56.81 2.41 

56.24 2.39 
56.43 2.40 
56.01 2.38 

56.18 2.39 
55.01 2.34 

55.75 2.37 

56.52 2.40 

55.73 2.37 

56.33 2.39 


13.76 0.69 

14.21 0.71 

14.52 0.72 

14.40 0.72 

14.19 0.71 

13.96 0.70 
14.07 0.70 

13.94 0.70 

14.22 0.71 
14.32 0.71 
14.02 0.70 

14.23 0.71 

14.24 0.71 

14.54 0.72 

14.56 0.72 

14.41 0.72 
14.37 0.72 

14.14 0.70 
14.35 0.71 
13.90 0.69 
14.07 0.70 

14.24 0.71 
14.00 0.70 

14.19 0.71 


3.33 0.24 
3.42 0.25 

3.54 0.26 

3.52 0.26 

3.41 0.25 

3.42 0.25 

3.52 0.26 

3.46 0.25 

3.53 0.26 

3.47 0.25 

3.50 0.25 

3.45 0.25 

3.46 0.25 

3.50 0.25 

3.44 0.25 

3.49 0.25 

3.45 0.25 

3.47 0.25 

3.50 0.25 

3.42 0.25 

3.45 0.25 

3.51 0.25 

3.46 0.25 

3.56 0.26 


1.73 0.09 

1.72 0.09 

1.69 0.08 

1.72 0.09 

1.76 0.09 

1.77 0.09 

1.74 0.09 

1.73 0.09 

1.70 0.09 
1.68 0.08 

1.74 0.09 

1.77 0.09 
1.79 0.09 

1.72 0.09 

1.72 0.09 

1.73 0.09 
1.69 0.09 

1.75 0.09 

1.75 0.09 
1.83 0.09 

1.74 0.09 

1.72 0.09 

1.78 0.09 

1.72 0.09 


7.74 0.27 

7.47 0.26 

7.45 0.26 

7.55 0.27 

7.64 0.27 
7.59 0.27 
7.62 0.27 

7.72 0.27 

7.54 0.27 

7.46 0.26 

7.70 0.27 

7.55 0.27 

7.74 0.27 

7.54 0.27 

7.67 0.27 

7.45 0.26 

7.48 0.26 

7.58 0.27 

7.54 0.27 

7.85 0.28 
7.53 0.27 

7.47 0.26 
7.66 0.27 

7.64 0.27 


11.16 0.38 

11.71 0.40 

11.33 0.39 

10.92 0.38 

11.15 0.38 

10.97 0.38 
11.08 0.38 

11.10 0.38 

11.15 0.38 
10.86 0.37 

11.19 0.38 

10.97 0.38 
11.07 0.38 

10.94 0.38 
10.99 0.38 

11.72 0.40 
10.84 0.37 

11.10 0.38 
11,12 0.38 
10.91 0.37 

10.98 0.38 

11.98 0.41 

10.93 0.38 

11.10 0.38 


2.58 0.13 

2.64 0.13 

2.58 0.13 

2.55 0.13 

2.55 0.13 

2.58 0.13 

2.55 0.13 

2.46 0.12 

2.49 0.12 

2.57 0.13 

2.67 0.13 

2.64 0.13 

2.61 0.13 

2.57 0.13 

2.56 0.13 

2.52 0.13 

2.42 0.12 

2.47 0.12 

2.49 0.13 

2.67 0.13 

2.65 0.13 

2.54 0.13 

2.57 0.13 

2.49 0.12 


3.49 0.23 

3.74 0.24 

3.93 0.25 

3.81 0.25 

3.74 0.24 

3.48 0.23 

3.54 0.23 

3.60 0.23 
3.63 0.24 

3.78 0.24 

3.51 0.23 

3.78 0.24 

3.56 0.23 

3.86 0.25 

3.87 0.25 

3.76 0.24 
3.80 0.25 

3.58 0.23 

3.75 0.24 

3.48 0.23 

3.57 0.23 

3.61 0.23 

3.52 0.23 

3.59 0.23 
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55.37 

2.35 

13.97 

0.70 

3.50 

0.25 

1.79 

0.09 

7.72 

0.27 

11.12 

0.38 

2.59 

0.13 

3.48 

0.23 

58.08 

2.47 

14.82 

0.74 

3.57 

0.26 

1.68 

0.08 

7.34 

0.26 

11.05 

0.38 

2.49 

0.12 

3.91 

0.25 

54.47 

2.32 

13.72 

0.69 

3.35 

0.24 

1.79 

0.09 

7.74 

0.27 

11.04 

0.38 

2.62 

0.13 

3.45 

0.23 

55.13 

2.34 

13.83 

0.69 

3.42 

0.25 

1.75 

0.09 

7.52 

0.27 

11.73 

0.40 

2.45 

0.12 

3.43 

0.23 

57.54 

2.44 

14.68 

0.73 

3.52 

0.26 

1.72 

0.09 

7.50 

0.26 

10.99 

0.38 

2.53 

0.13 

3.84 

0.25 

56.43 

2.40 

14.15 

0.71 

3.43 

0.25 

1.78 

0.09 

7.77 

0.27 

10.36 

0.36 

2.57 

0.13 

3.58 

0.23 

57.54 

2.44 

14.52 

0.72 

3.54 

0.26 

1.74 

0.09 

7.43 

0.26 

10.80 

0.37 

2.46 

0.12 

3.86 

0.25 

56.65 

2.41 

14.30 

0.71 

3.54 

0.26 

1.69 

0.08 

7.37 

0.26 

11.03 

0.38 

2.51 

0.13 

3.54 

0.23 

54.84 

2.33 

13.86 

0.69 

3.35 

0.24 

1.79 

0.09 

7.69 

0.27 

10.64 

0.37 

2.63 

0.13 

3.48 

0.23 

55.88 

2.38 

14.15 

0.71 

3.42 

0.25 

1.68 

0.08 

7.48 

0.26 

10.79 

0.37 

2.53 

0.13 

3.45 

0.23 

56.53 

2.40 

14.27 

0.71 

3.48 

0.25 

1.71 

0.09 

7.41 

0.26 

10.98 

0.38 

2.52 

0.13 

3.52 

0.23 

55.64 

2.36 

13.86 

0.69 

3.47 

0.25 

1.81 

0.09 

7.56 

0.27 

10.65 

0.37 

2.46 

0.12 

3.50 

0.23 

56.00 

2.38 

14.09 

0.70 

3.51 

0.25 

1.76 

0.09 

7.58 

0.27 

10.74 

0.37 

2.52 

0.13 

3.50 

0.23 

56.38 

2.40 

14.20 

0.71 

3.55 

0.26 

1.74 

0.09 

7.58 

0.27 

11.01 

0.38 

2.52 

0.13 

3.57 

0.23 

56.01 

2.38 

14.20 

0.71 

3.50 

0.25 

1.71 

0.09 

7.54 

0.27 

10.64 

0.37 

2.49 

0.12 

3.59 

0.23 

56.12 

2.38 

14.04 

0.70 

3.51 

0.25 

1.80 

0.09 

7.56 

0.27 

11.28 

0.39 

2.62 

0.13 

3.57 

0.23 

55.02 

2.34 

13.85 

0.69 

3.41 

0.25 

1.73 

0.09 

7.59 

0.27 

11.24 

0.39 

2.57 

0.13 

3.51 

0.23 

56.87 

2.42 

14.25 

0.71 

3.54 

0.26 

1.78 

0.09 

7.70 

0.27 

10.97 

0.38 

2.56 

0.13 

3.60 

0.23 

54.60 

2.32 

13.92 

0.69 

3.36 

0.25 

1.79 

0.09 

7.64 

0.27 

11.02 

0.38 

2.60 

0.13 

3.42 

0.23 

56.67 

2.41 

14.28 

0.71 

3.55 

0.26 

1.69 

0.08 

7.43 

0.26 

10.68 

0.37 

2.41 

0.12 

3.61 

0.24 

55.05 

2.34 

13.91 

0.69 

3.37 

0.25 

1.75 

0.09 

7.57 

0.27 

10.99 

0.38 

2.55 

0.13 

3.49 

0.23 

56.27 

2.39 

14.06 

0.70 

3.51 

0.25 

1.73 

0.09 

7.46 

0.26 

11.09 

0.38 

2.51 

0.13 

3.44 

0.23 

57.31 

2.43 

14.46 

0.72 

3.59 

0.26 

1.74 

0.09 

7.53 

0.27 

11.26 

0.39 

2.61 

0.13 

3.65 

0.24 

55.93 

2.38 

14.00 

0.70 

3.45 

0.25 

1.75 

0.09 

7.54 

0.27 

11.16 

0.38 

2.56 

0.13 

3.55 

0.23 

56.68 

2.41 

14.22 

0.71 

3.55 

0.26 

1.68 

0.08 

7.47 

0.26 

10.87 

0.37 

2.60 

0.13 

3.56 

0.23 

57.44 

2.44 

14.50 

0.72 

3.60 

0.26 

1.71 

0.09 

7.53 

0.27 

10.88 

0.37 

2.49 

0.12 

3.60 

0.23 

54.80 

2.33 

13.67 

0.68 

3.40 

0.25 

1.79 

0.09 

7.83 

0.27 

10.59 

0.37 

2.51 

0.13 

3.43 

0.23 

56.06 

2.38 

14.14 

0.71 

3.52 

0.26 

1.74 

0.09 

7.60 

0.27 

11.17 

0.38 

2.70 

0.13 

3.51 

0.23 

56.41 

2.40 

14.31 

0.71 

3.51 

0.25 

1.64 

0.08 

7.56 

0.27 

11.04 

0.38 

2.52 

0.13 

3.51 

0.23 

55.93 

2.38 

14.08 

0.70 

3.43 

0.25 

1.71 

0.09 

7.53 

0.27 

11.27 

0.39 

2.56 

0.13 

3.53 

0.23 

56.03 

2.38 

14.04 

0.70 

3.44 

0.25 

1.65 

0.08 

7.52 

0.27 

10.58 

0.36 

2.38 

0.12 

3.52 

0.23 

56.49 

2.40 

14.28 

0.71 

3.51 

0.25 

1.65 

0.08 

7.43 

0.26 

10.89 

0.37 

2.36 

0.12 

3.59 

0.23 

54.34 

2.31 

13.72 

0.69 

3.30 

0.24 

1.74 

0.09 

7.67 

0.27 

10.83 

0.37 

2.56 

0.13 

3.41 

0.22 

57.44 

2.44 

14.31 

0.71 

3.56 

0.26 

1.62 

0.08 

7.26 

0.26 

10.67 

0.37 

2.61 

0.13 

3.51 

0.23 

55.81 

2.37 

14.15 

0.71 

3.55 

0.26 

1.71 

0.09 

7.68 

0.27 

11.04 

0.38 

2.41 

0.12 

3.53 

0.23 

57.08 

2.42 

14.13 

0.70 

3.61 

0.26 

1.65 

0.08 

7.37 

0.26 

10.90 

0.37 

2.42 

0.12 

3.56 

0.23 

56.04 

2.38 

14.01 

0.70 

3.52 

0.26 

1.87 

0.09 

8.00 

0.28 

10.79 

0.37 

2.65 

0.13 

3.50 

0.23 

54.34 

2.31 

13.81 

0.69 

3.36 

0.25 

1.75 

0.09 

7.66 

0.27 

11.12 

0.38 

2.56 

0.13 

3.40 

0.22 

56.23 

2.39 

14.08 

0.70 

3.47 

0.25 

1.79 

0.09 

7.53 

0.27 

11.29 

0.39 

2.45 

0.12 

3.51 

0.23 

56.47 

2.40 

14.19 

0.71 

3.59 

0.26 

1.80 

0.09 

7.67 

0.27 

11.09 

0.38 

2.48 

0.12 

3.50 

0.23 

55.06 

2.34 

13.74 

0.69 

3.33 

0.24 

1.82 

0.09 

7.80 

0.27 

10.83 

0.37 

2.49 

0.12 

3.48 

0.23 

52.80 

2.25 

13.36 

0.67 

3.27 

0.24 

1.81 

0.09 

7.81 

0.27 

10.73 

0.37 

2.43 

0.12 

3.35 

0.22 

56.47 

2.40 

14.23 

0.71 

3.53 

0.26 

1.73 

0.09 

7.37 

0.26 

11.09 

0.38 

2.48 

0.12 

3.58 

0.23 

54.89 

2.33 

13.80 

0.69 

3.38 

0.25 

1.69 

0.08 

7.49 

0.26 

10.94 

0.38 

2.53 

0.13 

3.42 

0.22 

55.79 

2.37 

13.97 

0.70 

3.43 

0.25 

1.76 

0.09 

7.51 

0.26 

It .11 

0.38 

2.54 

0.13 

3.58 

0.23 

57.01 

2.42 

14.34 

0.71 

3.57 

0.26 

1.72 

0.09 

7.71 

0.27 

10.60 

0.37 

2.64 

0.13 

3.64 

0.24 

56.03 

2.38 

14.08 

0.70 

3.52 

0.26 

1.71 

0.09 

7.67 

0.27 

11.24 

0.39 

2.47 

0.12 

3.48 

0.23 

56.31 

2.39 

14.00 

0.70 

3.45 

0.25 

1.65 

0.08 

7.48 

0.26 

11.03 

0.38 

2.43 

0.12 

3.60 

0.23 

56.42 

2.40 

14.10 

0.70 

3.51 

0.25 

1.69 

0.08 

7.55 

0.27 

10.82 

0.37 

2.54 

0.13 

3.52 

0.23 

56.72 

2.41 

14.29 

0.71 

3.58 

0.26 

1.71 

0.09 

7.39 

0.26 

10.77 

0.37 

2.52 

0.13 

3.54 

0.23 

55.87 

2.37 

13.95 

0.70 

3.48 

0.25 

1.65 

0.08 

7.54 

0.27 

10.94 

0.38 

2.34 

0.12 

3.52 

0.23 

55.47 

2.36 

13.90 

0.69 

3.50 

0.25 

1.71 

0.09 

7.58 

0.27 

11,12 

0.38 

2.43 

0.12 

3.49 

0.23 

56.83 

2.41 

14.30 

0.71 

3.62 

0.26 

1.71 

0.09 

7.40 

0.26 

11.21 

0.38 

2.43 

0.12 

3.55 

0.23 

55.38 

2.35 

14.07 

0.70 

3.44 

0.25 

1.63 

0.08 

7.41 

0.26 

10.59 

0.37 

2.40 

0.12 

3.53 

0.23 

56.15 

2.39 

14.06 

0.70 

3.55 

0.26 

1.70 

0.09 

7.33 

0.26 

11.29 

0.39 

2.46 

0.12 

3.54 

0.23 

55.43 

2.36 

13.88 

0.69 

3.40 

0.25 

1.70 

0.09 

7.70 

0.27 

10.83 

0.37 

2.54 

0.13 

3.47 

0.23 

55.66 

2.37 

14.06 

0.70 

3.39 

0.25 

1.73 

0.09 

7.64 

0.27 

10.93 

0.38 

2.73 

0.13 

3.55 

0.23 

55.28 

2.35 

13.85 

0.69 

3.47 

0.25 

1.78 

0.09 

7.69 

0.27 

10.78 

0.37 

2.55 

0.13 

3.42 

0.23 

56.21 

2.39 

14.04 

0.70 

3.51 

0.25 

1.74 

0.09 

7.74 

0.27 

It ,12 

0.38 

2.57 

0.13 

3.52 

0.23 

56.79 

2.41 

14.28 

0.71 

3.39 

0.25 

1.70 

0.09 

7.57 

0.27 

10.72 

0.37 

2.46 

0.12 

3.52 

0.23 

56.12 

2.38 

14.08 

0.70 

3.43 

0.25 

1.77 

0.09 

7.46 

0.26 

10.71 

0.37 

2.56 

0.13 

3.54 

0.23 

56.05 

2.38 

14.12 

0.70 

3.48 

0.25 

1.72 

0.09 

7.39 

0.26 

10.92 

0.38 

2.52 

0.13 

3.58 

0.23 


























APPENDIX E. BCR-1 DATA TABLES 


435 


54.95 2.34 
55.93 2.38 
56.63 2.41 
56.32 2.39 


13.88 0.69 
13.95 0.70 
14.33 0.71 
14.12 0.70 


3.43 0.25 1.76 

3.43 0.25 1.74 

3.53 0.26 1.74 

3.51 0.25 1.76 


0.09 7.56 0.27 

0.09 7.58 0.27 

0.09 7.69 0.27 

0.09 7.70 0.27 


11.32 0.39 2.43 

10.71 0.37 2.47 

10.86 0.37 2.48 

11.07 0.38 2.57 


0.12 3.44 0.23 

0.12 3.42 0.22 

0.12 3.52 0.23 

0.13 3.49 0.23 
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Table E.2: Volatilization of Na and K compositions in BCR-1 based on EDS raster diameters. Raster 
diameters of < 1 /urn are “spot” analyses. Raster diameters were measured after the analyses using ImageJ 
[86]. Data are plotted in Figure 4.5. 

Raster 


diameter (/mi) 

Na (wt.%) 

la 

K (wt.%) 

lcr 

<1 

1.78 

0.14 

1.31 

0.07 

<1 

1.76 

0.14 

1.27 

0.07 

<1 

1.76 

0.14 

1.28 

0.07 

<1 

1.80 

0.14 

1.32 

0.07 

3.25 

2.49 

0.18 

1.47 

0.07 

2.97 

2.43 

0.18 

1.46 

0.07 

3.04 

2.45 

0.18 

1.42 

0.07 

2.83 

2.46 

0.18 

1.43 

0.07 

8.34 

2.46 

0.18 

1.49 

0.07 

9.83 

2.51 

0.18 

1.45 

0.07 

8.77 

2.46 

0.18 

1.47 

0.07 

10.96 

2.47 

0.18 

1.47 

0.07 

13.08 

2.53 

0.18 

1.43 

0.07 

13.22 

2.49 

0.18 

1.48 

0.07 

13.15 

2.50 

0.18 

1.45 

0.07 

13.01 

2.51 

0.18 

1.49 

0.07 

17.68 

2.57 

0.19 

1.44 

0.07 

16.48 

2.48 

0.18 

1.43 

0.07 

18.17 

2.51 

0.18 

1.47 

0.07 

18.88 

2.47 

0.18 

1.45 

0.07 
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Appendix F 


U isotope Analyses 


F.l Standards Measurements 

Table F.l: 235 U/ 238 U measurements of U-bearing glass standards used to correct the analytical data for 
fractionation and instrumental bias. These data were used to generate Figure 5.6. The rows in bold refer to 
the mean of the individual standards measurements for that analytical campaign. Due to possible contami¬ 
nation during the fabrication process, the ICP-MS measured values of the 235 U/ 238 U ratio are used instead 
of the certified values of the U dopant. The samples analyzed during each of these analytical campaigns is 
listed in Table 5.1. The operating conditions for each of the analytical campaigns is listed in Table 5.4. 

Analytical ICP-MS ICP-MS Fractionation Fractionation 

235 U /238 U 2a 235 U /238 U 2 <t _Factor Factor 2 a 


SIMS Instrument Standard 
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0.955 0.009 

0.968 0.011 

0.960 0.014 

0.975 0.009 

0.970 0.011 

0.968 0.009 

0.970 0.012 

0.968 0.007 

0.969 0.014 

0.971 0.017 

0.959 0.013 

0.974 0.013 

0.965 0.019 

0.957 0.011 

0.956 0.023 

0.979 0.012 

0.969 0.007 

0.955 0.009 


F 2 235 U/ 238 U Measurements 


Table F.2: Fractionation-corrected SIMS measurements of the 235 U/ 238 U ratios in fallout. These data are 
used to generate Figures 5.17, 5.18, 5.20, 5.22, 5.24, 5.26 and Tables 5.9, 5.10, 5.11 in Chapter 5. “Sampled 
interface?” refers to whether the SIMS analytical crater sampled the agglomerate, the interface, and an 
insignificant portion of the host. These measurements are always included when calculating the agglomerates 
mean or median U isotope composition. “Sampled host?” refers to whether the SIMS analytical crater 
sampled the agglomerate, the interface, and significantly sampled the host. They are only included when 
calculated agglomerate compositions when noted (such as in Table 5.10). Both measurements are shown as 
blue triangles in Figure 5.24. 


Sample 

Object 

Location 

235XJ/238U 

2<t 

Sampled 

interface? 

Sampled 

host? 

Analytical 

Campaign 

Run Name 

AA.B 

Agglomerate 

B1 

6.358 

2.551 



Weisz (2016) 

N/A 

AA.B 

Agglomerate 

B2 

4.560 

1.375 



Weisz (2016) 

N/A 

AE.C 

Host 

Host 

5.729 

0.679 



Weisz (2016) 

N/A 

AE.C 

Agglomerate 

Cl 

6.557 

0.882 



Weisz (2016) 

N/A 

AE.C 

Agglomerate 

C2 

6.230 

1.510 



Weisz (2016) 

N/A 

AG.D 

Host 

Host 

6.273 

1.249 



Weisz (2016) 

N/A 

AG.D 

Agglomerate 

D2 

6.120 

1.598 



Weisz (2016) 

N/A 

AH.E 

Host 

Host 

7.683 

3.588 



Weisz (2016) 

N/A 

AH.E 

Agglomerate 

El 

7.417 

1.171 



Weisz (2016) 

N/A 

FLD10 

Host 

Host 

6.603 

0.183 



NanoSIMS (2017) 

FLD10-NS17-1 

FLD10 

Host 

Host 

7.238 

0.236 



NanoSIMS (2017) 

FLD10-NS17-2 

FLD10 

Host 

Host 

6.554 

0.178 



NanoSIMS (2017) 

FLD10-NS17-3 

FLD10 

Host 

Host 

7.691 

0.218 



NanoSIMS (2017) 

FLD10-NS17-4 

FLD10 

Host 

Host 

6.088 

0.170 



NanoSIMS (2017) 

FLD10-NS17-5 

FLD10 

Host 

Host 

7.650 

0.248 



NanoSIMS (2017) 

FLD10-NS17-9 

FLD10 

Host 

Host 

5.301 

0.138 



NanoSIMS (2017) 

FLD10-NS17-10 

FLD10 

Host 

Host 

7.143 

0.163 



NanoSIMS (2017) 

FLD10-NS17-11 

FLD10 

Host 

Host 

7.539 

0.198 



NanoSIMS (2017) 

FLD10-NS17-12 

FLD10 

Host 

Host 

7.983 

0.166 



NanoSIMS (2017) 

FLD10-NS17-13 

FLD10 

Agglomerate 

FLD10.L 

5.902 

0.136 



NanoSIMS (2017) 

FLD10-NS17-6 

FLD10 

Agglomerate 

FLD10.L 

7.509 

0.207 



NanoSIMS (2017) 

FLD10-NS17-7 

FLD10 

Agglomerate 

FLD10.L 

8.859 

0.302 

X 

X 

NanoSIMS (2017) 

FLD10-NS17-8 

FLD14 

Host 

Host 

3.718 

0.097 



NanoSIMS (2017) 

FLD14-NS17-3 

FLD14 

Host 

Host 

4.042 

0.121 



NanoSIMS (2017) 

FLD14-NS17-4 

FLD14 

Host 

Host 

4.577 

0.104 



NanoSIMS (2017) 

FLD14-NS17-5 

FLD14 

Host 

Host 

4.553 

0.128 



NanoSIMS (2017) 

FLD14-NS17-6 
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FLD14 

Host 

Host 

4.633 

0.112 - 


NanoSIMS (2017) 

FLD14-NS17-7 

FLD14 

Host 

Host 

5.082 

0.124 - 


NanoSIMS (2017) 

FLD14-NS17-8 

FLD14 

Host 

Host 

5.307 

0.132 - 


NanoSIMS (2017) 

FLD14-NS17-9 

FLD14 

Host 

Host 

4.431 

0.141 - 


NanoSIMS (2017) 

FLD14-NS17-11 

FLD14 

Host 

Host 

4.935 

0.141 - 


NanoSIMS (2017) 

FLD14-NS17-12 

FLD14 

Host 

Host 

5.258 

0.128 - 


NanoSIMS (2017) 

FLD14-NS17-13 

FLD14 

Host 

Host 

5.292 

0.129 - 


NanoSIMS (2017) 

FLD14-NS17-14 

FLD14 

Agglomerate 

FLD14.L 

3.683 

0.086 - 


NanoSIMS (2017) 

FLD14-NS17-1 

FLD14 

Agglomerate 

FLD14.L 

4.019 

0.108 X 


NanoSIMS (2017) 

FLD14-NS17-2 

FLD14 

Agglomerate 

FLD14.1 

4.411 

0.100 X 


NanoSIMS (2017) 

FLD14-NS17-10 

FLD15 

Host 

Host 

3.280 

0.032 - 


IMS-1280 (2015) 

FLD15-IMS1280-1 

FLD15 

Host 

Host 

3.591 

0.036 - 


IMS-1280 (2015) 

FLD15-IMS1280-2 

FLD15 

Host 

Host 

3.784 

0.038 - 


IMS-1280 (2015) 

FLD15-IMS1280-3 

FLD15 

Host 

Host 

3.322 

0.032 - 


IMS-1280 (2015) 

FLD15-IMS1280-4 

FLD15 

Host 

Host 

3.586 

0.040 - 


IMS-1280 (2015) 

FLD15-IMS1280-5 

FLD15 

Host 

Host 

3.388 

0.035 - 


IMS-1280 (2015) 

FLD15-IMS1280-6 

FLD15 

Host 

Host 

3.697 

0.033 - 


IMS-1280 (2015) 

FLD15-IMS1280-7 

FLD15 

Host 

Host 

3.792 

0.036 - 


IMS-1280 (2015) 

FLD15-IMS1280-8 

FLD15 

Host 

Host 

2.848 

0.024 - 


IMS-1280 (2015) 

FLD15-IMS1280-9 

FLD15 

Host 

Host 

4.165 

0.035 - 


IMS-1280 (2015) 

FLD15-IMS1280-10 

FLD15 

Host 

Host 

3.864 

0.033 - 


IMS-1280 (2015) 

FLD15-IMS1280-11 

FLD15 

Host 

Host 

3.256 

0.033 - 


IMS-1280 (2015) 

FLD15-IMS1280-12 

FLD15 

Host 

Host 

3.189 

0.026 - 


IMS-1280 (2015) 

FLD15-IMS1280-13 

FLD15 

Host 

Host 

3.527 

0.029 - 


IMS-1280 (2015) 

FLD15-IMS1280-14 

FLD15 

Host 

Host 

4.417 

0.043 - 


IMS-1280 (2015) 

FLD15-IMS1280-15 

FLD16 

Host 

Host 

7.271 

0.071 - 


IMS-1280 (2015) 

FLD16-IMS1280-1 

FLD16 

Host 

Host 

6.603 

0.055 - 


IMS-1280 (2015) 

FLD16-IMS1280-2 

FLD16 

Host 

Host 

5.866 

0.049 - 


IMS-1280 (2015) 

FLD16-IMS1280-3 

FLD16 

Host 

Host 

5.656 

0.054 - 


IMS-1280 (2015) 

FLD16-IMS1280-4 

FLD16 

Host 

Host 

6.398 

0.061 - 


IMS-1280 (2015) 

FLD16-IMS1280-5 

FLD16 

Host 

Host 

1.413 

0.008 - 


IMS-1280 (2015) 

FLD16-IMS1280-6 

FLD16 

Host 

Host 

8.697 

0.089 - 


IMS-1280 (2015) 

FLD16-IMS1280-7 

FLD16 

Host 

Host 

6.061 

0.060 - 


IMS-1280 (2015) 

FLD16-IMS1280-8 

FLD16 

Host 

Host 

1.580 

0.008 - 


IMS-1280 (2015) 

FLD16-IMS1280-9 

FLD16 

Host 

Host 

5.609 

0.059 - 


IMS-1280 (2015) 

FLD16-IMS1280-10 

FLD16 

Host 

Host 

2.356 

0.034 - 


IMS-1280 (2015) 

FLD16-IMS1280-11 

FLD16 

Host 

Host 

6.218 

0.067 - 


IMS-1280 (2015) 

FLD16-IMS1280-12 

FLD16 

Host 

Host 

4.823 

0.051 - 


IMS-1280 (2015) 

FLD16-IMS1280-13 

FLD16 

Host 

Host 

7.103 

0.084 - 


IMS-1280 (2015) 

FLD16-IMS1280-14 

FLD16 

Host 

Host 

6.057 

0.059 - 


IMS-1280 (2015) 

FLD16-IMS1280-15 

FLD16 

Host 

Host 

5.464 

0.046 - 


IMS-1280 (2015) 

FLD16-IMS1280-16 

FLD16 

Host 

Host 

5.864 

0.048 - 


IMS-1280 (2015) 

FLD16-IMS1280-17 

FLD16 

Host 

Host 

5.300 

0.046 - 


IMS-1280 (2015) 

FLD16-IMS1280-18 

FLD16 

Host 

Host 

5.518 

0.051 - 


IMS-1280 (2015) 

FLD16-IMS1280-19 

FLD16 

Host 

Host 

5.357 

0.044 - 


IMS-1280 (2015) 

FLD16-IMS1280-20 

FLD16 

Host 

Host 

4.173 

0.035 - 


IMS-1280 (2015) 

FLD16-IMS1280-21 

FLD16 

Host 

Host 

4.047 

0.033 - 


IMS-1280 (2015) 

FLD16-IMS1280-22 

FLD16 

Host 

Host 

6.339 

0.065 - 


IMS-1280 (2015) 

FLD16-IMS1280-23 

FLD16 

Host 

Host 

5.506 

0.052 - 


IMS-1280 (2015) 

FLD16-IMS1280-24 

FLD16 

Host 

Host 

6.888 

0.079 - 


IMS-1280 (2015) 

FLD16-IMS1280-25 

FLD16 

Host 

Host 

6.358 

0.070 - 


IMS-1280 (2015) 

FLD16-IMS1280-26 

FLD16 

Host 

Host 

5.290 

0.055 - 


IMS-1280 (2015) 

FLD16-IMS1280-27 

FLD16 

Host 

Host 

5.794 

0.065 - 


IMS-1280 (2015) 

FLD16-IMS1280-28 

FLD16 

Host 

Host 

5.296 

0.051 - 


IMS-1280 (2015) 

FLD16-IMS1280-29 

FLD16 

Host 

Host 

4.726 

0.061 - 


IMS-1280 (2015) 

FLD16-IMS1280-30 

FLD16 

Host 

Host 

5.307 

0.053 - 


IMS-1280 (2015) 

FLD16-IMS1280-31 

FLD16 

Host 

Host 

6.390 

0.090 - 


IMS-1280 (2015) 

FLD16-IMS1280-32 

FLD16 

Host 

Host 

7.415 

0.077 - 


IMS-1280 (2015) 

FLD16-IMS1280-33 

FLD16 

Host 

Host 

6.095 

0.075 - 


IMS-1280 (2015) 

FLD16-IMS1280-34 

FLD16 

Host 

Host 

5.543 

0.041 - 


IMS-1280 (2015) 

FLD16-IMS1280-35 

FLD16 

Host 

Host 

5.108 

0.057 - 


IMS-1280 (2015) 

FLD16-IMS1280-36 

FLD17 

Host 

Host 

4.592 

0.092 - 


NanoSIMS (2017) 

FLD17-NS17-1 
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FLD17 

Host 

Host 

4.854 

0.183 



NanoSIMS (2017) FLD17-NS1" 

-5 

FLD17 

Agglomerate 

FLD17.int.2 

3.913 

0.089 



NanoSIMS (2017) FLD17-NS1" 

-2 

FLD17 

Agglomerate 

FLD17.int.2 

4.180 

0.113 

X 

X 

NanoSIMS (2017) FLD17-NS1" 

-3 

FLD17 

Agglomerate 

FLD17.int.2 

5.109 

0.126 

X 

X 

NanoSIMS (2017) FLD17-NS1" 

-4 

FLD18 

Host 

Host 

4.833 

0.039 



IMS-1280 (2015) FLD18-IMS1280-1 

FLD18 

Host 

Host 

4.424 

0.041 



IMS-1280 (2015) FLD18-IMS1280-2 

FLD18 

Host 

Host 

4.817 

0.039 



IMS-1280 (2015) FLD18-IMS1280-3 

FLD18 

Host 

Host 

3.053 

0.029 



IMS-1280 (2015) FLD18-IMS1280-4 

FLD18 

Host 

Host 

4.193 

0.039 



IMS-1280 (2015) FLD18-IMS1280-5 

FLD18 

Host 

Host 

4.659 

0.037 



IMS-1280 (2015) FLD18-IMS1280-6 

FLD18 

Host 

Host 

4.756 

0.040 



IMS-1280 (2015) FLD18-IMS1280-7 

FLD18 

Host 

Host 

4.392 

0.036 



IMS-1280 (2015) FLD18-IMS1280-8 

FLD18 

Host 

Host 

4.546 

0.036 



IMS-1280 (2015) FLD18-IMS1280-9 

FLD18 

Host 

Host 

4.565 

0.037 



IMS-1280 (2015) FLD18-IMS1280-1C 

FLD18 

Agglomerate 

FLD18.1 

3.858 

0.114 

X 


NanoSIMS (2017) FLD18-NSU 

-1 

FLD18 

Agglomerate 

FLD18.2 

8.191 

0.403 



NanoSIMS (2016) FLD18-NS1C 

-1 

FLD20 

Host 

Host 

2.504 

0.025 



IMS-1280 (2015) FLD20-IMS1280-1 

FLD20 

Host 

Host 

5.395 

0.049 



IMS-1280 (2015) FLD20-IMS1280-2 

FLD20 

Host 

Host 

3.541 

0.030 



IMS-1280 (2015) FLD20-IMS1280-3 

FLD20 

Host 

Host 

4.601 

0.042 



IMS-1280 (2015) FLD20-IMS1280-4 

FLD20 

Host 

Host 

4.586 

0.036 



IMS-1280 (2015) FLD20-IMS1280-5 

FLD23 

Host 

Host 

4.864 

0.460 



NanoSIMS (2016) FLD23-NS1C 

-16 

FLD23 

Host 

Host 

5.087 

0.158 



NanoSIMS (2016) FLD23-NS16 

-10 

FLD23 

Host 

Host 

4.393 

0.134 



NanoSIMS (2016) FLD23-NS16 

-6 

FLD23 

Host 

Host 

4.705 

0.138 



NanoSIMS (2016) FLD23-NS16 

-9 

FLD23 

Agglomerate 

FLD23.L 

3.793 

0.082 



NanoSIMS (2017) FLD23-NS1" 

-1 

FLD23 

Agglomerate 

FLD23.L 

4.332 

0.110 

X 

X 

NanoSIMS (2017) FLD23-NSU 

-2 

FLD23 

Agglomerate 

FLD23.3.1 

4.306 

0.120 



NanoSIMS (2016) FLD23-NS16 

-11 

FLD23 

Agglomerate 

FLD23.3.2 

4.666 

0.139 



NanoSIMS (2016) FLD23-NS16 

-12 

FLD23 

Agglomerate 

FLD23.4.1 

4.674 

0.152 



NanoSIMS (2016) FLD23-NS16 

-13 

FLD23 

Agglomerate 

FLD23.4.2 

4.781 

0.152 



NanoSIMS (2016) FLD23-NS16 

-14 

FLD23 

Agglomerate 

FLD23.5.1 

4.326 

0.133 



NanoSIMS (2016) FLD23-NS1C 

-15 

FLD23 

Agglomerate 

FLD23.1.1 

4.424 

0.127 



NanoSIMS (2016) FLD23-NS1C 

-1 

FLD23 

Agglomerate 

FLD23.1.2 

4.435 

0.138 



NanoSIMS (2016) FLD23-NS16 

-2 

FLD23 

Agglomerate 

FLD23.1.2 

4.426 

0.140 



NanoSIMS (2016) FLD23-NS1C 

-3 

FLD23 

Agglomerate 

FLD23.1.3 

4.004 

0.119 



NanoSIMS (2016) FLD23-NS1C 

-4 

FLD23 

Agglomerate 

FLD23.1.3 

4.511 

0.141 



NanoSIMS (2016) FLD23-NS1C 

-5 

FLD23 

Agglomerate 

FLD23.2.1 

4.315 

0.134 



NanoSIMS (2016) FLD23-NS16 

-7 

FLD23 

Agglomerate 

FLD23.2.2 

4.279 

0.135 



NanoSIMS (2016) FLD23-NS16 

-8 

FLD4.3 

Host 

Host 

7.176 

0.311 



NanoSIMS (2017) FLD43-NS1" 

-5 

FLD4.3 

Agglomerate 

FLD4.3.1 

9.872 

0.765 

X 

X 

NanoSIMS (2017) FLD43-NSU 

-1 

FLD4.3 

Agglomerate 

FLD4.3.2 

9.760 

0.311 



NanoSIMS (2017) FLD43-NS1" 

-2 

FLD4.3 

Agglomerate 

FLD4.3.3 

10.535 

0.326 



NanoSIMS (2017) FLD43-NS1" 

-3 

FLD4.3 

Agglomerate 

FLD4.3.3 

8.498 

0.251 

X 

X 

NanoSIMS (2017) FLD43-NS1" 

-4 

FLD4.3 

Agglomerate 

FLD4.3.5 

8.135 

0.379 

X 

X 

NanoSIMS (2017) FLD43-NSU 

-6 

U1A 

Host 

Host 

3.850 

0.064 



IMS-1280 (2012) U1A-LANL- 


U1A 

Host 

Host 

3.084 

0.051 



IMS-1280 (2012) U1A-LANL- 


U1A 

Host 

Host 

3.519 

0.074 



IMS-1280 (2012) U1A-LANL- 


U1B 

Unknown 

Unknown 

6.576 

0.129 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL- 


U1B 

Unknown 

Unknown 

7.215 

0.151 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL-2 


U1B 

Unknown 

Unknown 

7.185 

0.166 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL-. 


U1B 

Unknown 

Unknown 

7.967 

0.119 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL-/ 


U1B 

Unknown 

Unknown 

7.421 

0.134 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL-, 


U1B 

Unknown 

Unknown 

7.326 

0.110 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL-C 


U1B 

Unknown 

Unknown 

7.081 

0.095 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL-' 


U1B 

Unknown 

Unknown 

7.718 

0.107 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL-J 


U1B 

Unknown 

Unknown 

8.025 

0.104 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL-E 


U1B 

Unknown 

Unknown 

6.676 

0.083 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL-I 

0 

U1B 

Unknown 

Unknown 

6.768 

0.098 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL-I 

1 

U1B 

Unknown 

Unknown 

6.867 

0.091 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL-I 

2 

U1B 

Unknown 

Unknown 

6.354 

0.049 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL-I 

3 

U1B 

Unknown 

Unknown 

7.070 

0.127 

Unknown 

Unknown 

IMS-3f (2012) U1B-LLNL-I 

4 
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U1B 

Unknown 

Unknown 

6.772 

0.152 

Unknown 

Unknown 

IMS-3f (2012) 

U1B-LLNL-15 

U1B 

Unknown 

Unknown 

6.575 

0.119 

Unknown 

Unknown 

IMS-3f (2012) 

U1B-LLNL-16 

U1B 

Unknown 

Unknown 

7.059 

0.146 

Unknown 

Unknown 

IMS-3f (2012) 

U1B-LLNL-17 

U1B 

Unknown 

Unknown 

11.843 

0.219 

Unknown 

Unknown 

IMS-3f (2012) 

U1B-LLNL-18 

U1B 

Unknown 

Unknown 

8.162 

0.133 

Unknown 

Unknown 

IMS-3f (2012) 

U1B-LLNL-19 

U1B 

Host 

Host 

7.609 

0.103 



IMS-1280 

(2012) 

U1B-LANL-1 

U1B 

Host 

Host 

7.339 

0.092 



IMS-1280 

(2012) 

U1B-LANL-2 

U1B 

Host 

Host 

6.142 

0.081 



IMS-1280 

(2012) 

U1B-LANL-3 

U1B 

Host 

Host 

7.172 

0.091 



IMS-1280 

(2012) 

U1B-LANL-4 

U1B 

Host 

Host 

7.264 

0.093 



IMS-1280 

(2012) 

U1B-LANL-5 

U1B 

Host 

Host 

8.637 

0.120 



IMS-1280 

(2012) 

U1B-LANL-6 

U1B 

Host 

Host 

7.121 

0.098 



IMS-1280 

(2012) 

U1B-LANL-7 

U1B 

Host 

Host 

6.284 

0.090 



IMS-1280 

(2012) 

U1B-LANL-8 

U1B 

Host 

Host 

7.052 

0.244 



IMS-1280 

(2012) 

U1B-LANL-9 

U1B 

Host 

Host 

7.248 

0.097 



IMS-1280 

(2012) 

U1B-LANL-10 

U1B 

Host 

Host 

7.451 

0.099 



IMS-1280 

(2012) 

U1B-LANL-11 

U1B 

Host 

Host 

6.085 

0.106 



IMS-1280 

2012 

U1B-LANL-12 

U1B 

Agglomerate 

U1B.L 

8.427 

0.222 



NanoSIMS (2017) 

U1B-NS17-1 

U1B 

Agglomerate 

U1B.L 

8.214 

0.269 

X 

X 

NanoSIMS (2017) 

U1B-NS17-2 

U1B 

Agglomerate 

U1B.L 

8.027 

0.417 



NanoSIMS (2016) 

U1B-NS16-1 

U1B 

Agglomerate 

U1B.2 

6.800 

0.412 



NanoSIMS (2016) 

U1B-NS16-2 

U2 

Host 

Host 

3.372 

0.043 



IMS-1280 

(2012) 

U2-LANL-1 

U2 

Host 

Host 

3.841 

0.055 



IMS-1280 

2012 

U2-LANL-2 

U2 

Host 

Host 

2.178 

0.076 



IMS-1280 (2012) 

U2-LANL-3 

U2 

Host 

Host 

1.220 

0.011 



IMS-1280 

(2012) 

U2-LANL-4 

U2 

Host 

Host 

3.187 

0.029 



IMS-1280 

(2012) 

U2-LANL-5 

U2 

Host 

Host 

3.086 

0.025 



IMS-1280 

2012 

U2-LANL-6 

U2 

Host 

Host 

1.576 

0.019 



IMS-1280 (2012) 

U2-LANL-7 

U2 

Host 

Host 

2.595 

0.085 



IMS-1280 

(2012) 

U2-LANL-8 

U2 

Host 

Host 

2.953 

0.035 



IMS-1280 

(2012) 

U2-LANL-9 

U2 

Host 

Host 

0.607 

0.011 



IMS-1280 

(2012) 

U2-LANL-10 

U2 

Host 

Host 

0.838 

0.031 



IMS-1280 

(2012) 

U2-LANL-11 

U2 

Host 

Host 

2.341 

0.043 



IMS-1280 

(2012) 

U2-LANL-12 

U2 

Host 

Host 

5.716 

0.055 



IMS-1280 (2012) 

U2-LANL-13 

U2 

Host 

Host 

2.631 

0.029 



IMS-1280 

(2012) 

U2-LANL-14 

U2 

Host 

Host 

4.599 

0.043 



IMS-1280 

(2012) 

U2-LANL-15 

U2 

Host 

Host 

5.006 

0.049 



IMS-1280 

(2012) 

U2-LANL-16 

U2 

Host 

Host 

4.295 

0.042 



IMS-1280 

(2012) 

U2-LANL-17 

U2 

Host 

Host 

0.044 

0.003 



IMS-1280 

(2012) 

U2-LANL-18 

U2 

Host 

Host 

2.767 

0.026 



IMS-1280 

(2012) 

U2-LANL-19 

U2 

Host 

Host 

0.076 

0.002 



IMS-1280 

(2012) 

U2-LANL-20 

U2 

Host 

Host 

0.110 

0.002 



IMS-1280 

(2012) 

U2-LANL-21 

U2 

Host 

Host 

0.165 

0.004 



IMS-1280 

(2012) 

U2-LANL-22 

U2 

Host 

Host 

1.232 

0.011 



IMS-1280 

(2012) 

U2-LANL-23 

U2 

Host 

Host 

3.887 

0.039 



IMS-1280 

(2012) 

U2-LANL-24 

U2 

Host 

Host 

0.745 

0.010 



IMS-1280 

(2012) 

U2-LANL-25 

U2 

Host 

Host 

1.164 

0.019 



IMS-1280 

(2012) 

U2-LANL-26 

U2 

Host 

Host 

4.447 

0.037 



IMS-1280 

(2012) 

U2-LANL-27 

U2 

Host 

Host 

3.008 

0.024 



IMS-1280 

(2012) 

U2-LANL-28 

U2 

Host 

Host 

3.344 

0.027 



IMS-1280 

(2012) 

U2-LANL-29 

U2 

Host 

Host 

0.192 

0.003 



IMS-1280 

(2012) 

U2-LANL-30 

U2 

Host 

Host 

0.301 

0.005 



IMS-1280 

(2012) 

U2-LANL-31 

U2 

Host 

Host 

0.052 

0.002 



IMS-1280 

(2012) 

U2-LANL-32 

U2 

Host 

Host 

0.034 

0.002 



IMS-1280 

(2012) 

U2-LANL-33 

U2 

Host 

Host 

0.126 

0.002 



IMS-1280 

(2012) 

U2-LANL-34 

U2 

Host 

Host 

0.288 

0.004 



IMS-1280 

(2012) 

U2-LANL-35 

U2 

Host 

Host 

5.133 

0.043 



IMS-1280 

(2012) 

U2-LANL-36 

U2 

Host 

Host 

1.039 

0.026 



IMS-1280 

(2012) 

U2-LANL-37 

U2 

Host 

Host 

2.340 

0.023 



IMS-1280 

(2012) 

U2-LANL-38 

U2 

Host 

Host 

2.390 

0.038 



IMS-1280 

(2012) 

U2-LANL-39 

U2 

Host 

Host 

4.474 

0.046 



IMS-1280 

(2012) 

U2-LANL-40 

U2 

Host 

Host 

5.132 

0.039 



IMS-1280 

(2012) 

U2-LANL-41 
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U2 

Host 

Host 

5.225 

0.040 



IMS-1280 (2012) 

U2-LANL-42 

U2 

Host 

Host 

4.962 

0.036 



IMS-1280 (2012) 

U2-LANL-43 

U2 

Host 

Host 

5.972 

0.061 



IMS-1280 (2012) 

U2-LANL-44 

U2 

Host 

Host 

5.420 

0.054 



IMS-1280 (2012) 

U2-LANL-45 

U2 

Host 

Host 

0.913 

0.011 



IMS-1280 (2012) 

U2-LANL-46 

U2 

Host 

Host 

1.389 

0.024 



IMS-1280 (2012) 

U2-LANL-47 

U2 

Host 

Host 

0.234 

0.011 



IMS-3f (2012) 

U2-LLNL-1 

U2 

Host 

Host 

0.315 

0.015 



IMS-3f (2012) 

U2-LLNL-2 

U2 

Host 

Host 

0.350 

0.014 



IMS-3f (2012) 

U2-LLNL-3 

U2 

Host 

Host 

7.410 

0.240 



IMS-3f (2012) 

U2-LLNL-4 

U2 

Host 

Host 

3.760 

0.150 



IMS-3f (2012) 

U2-LLNL-5 

U2 

Host 

Host 

2.850 

0.100 



IMS-3f (2012) 

U2-LLNL-6 

U2 

Host 

Host 

2.830 

0.120 



IMS-3f (2012) 

U2-LLNL-7 

U2 

Host 

Host 

4.130 

0.180 



IMS-3f (2012) 

U2-LLNL-8 

U2 

Host 

Host 

1.470 

0.090 



IMS-3f (2012) 

U2-LLNL-9 

U2 

Host 

Host 

0.110 

0.005 



IMS-3f (2012) 

U2-LLNL-10 

U2 

Host 

Host 

4.710 

0.140 



IMS-3f (2012) 

U2-LLNL-11 

U2 

Host 

Host 

3.740 

0.150 



IMS-3f (2012) 

U2-LLNL-12 

U2 

Host 

Host 

2.120 

0.030 



IMS-3f (2012) 

U2-LLNL-13 

U2 

Host 

Host 

4.690 

0.180 



IMS-3f (2012) 

U2-LLNL-14 

U2 

Host 

Host 

5.010 

0.140 



IMS-3f (2012) 

U2-LLNL-15 

U2 

Host 

Host 

2.710 

0.130 



IMS-3f (2012) 

U2-LLNL-16 

U2 

Host 

Host 

0.020 

0.002 



IMS-3f (2012) 

U2-LLNL-17 

U2 

Host 

Host 

2.810 

0.100 



IMS-3f (2012) 

U2-LLNL-18 

U2 

Host 

Host 

0.200 

0.010 



IMS-3f (2012) 

U2-LLNL-19 

U2 

Host 

Host 

1.010 

0.040 



IMS-3f (2012) 

U2-LLNL-20 

U3 

Unknown 

Unknown 

3.779 

0.038 

Unknown 

Unknown 

IMS-1280 (2012) 

U3-LANL-12 

U3 

Unknown 

Unknown 

4.713 

0.064 

Unknown 

Unknown 

IMS-1280 (2012) 

U3-LANL-15 

U3 

Unknown 

Unknown 

6.780 

0.180 

Unknown 

Unknown 

IMS-3f (2012) 

U3-LLNL-10 

U3 

Unknown 

Unknown 

6.110 

0.190 

Unknown 

Unknown 

IMS-3f (2012) 

U3-LLNL-13 

U3 

Unknown 

Unknown 

4.320 

0.140 

Unknown 

Unknown 

IMS-3f (2012) 

U3-LLNL-22 

U3 

Host 

Host 

3.236 

0.076 



IMS-1280 (2012) 

U3-LANL-1 

U3 

Host 

Host 

2.180 

0.034 



IMS-1280 (2012) 

U3-LANL-2 

U3 

Host 

Host 

3.118 

0.039 



IMS-1280 (2012) 

U3-LANL-3 

U3 

Host 

Host 

3.768 

0.047 



IMS-1280 (2012) 

U3-LANL-4 

U3 

Host 

Host 

3.838 

0.043 



IMS-1280 (2012) 

U3-LANL-5 

U3 

Host 

Host 

3.898 

0.048 



IMS-1280 (2012) 

U3-LANL-6 

U3 

Host 

Host 

3.662 

0.029 



IMS-1280 (2012) 

U3-LANL-7 

U3 

Host 

Host 

1.133 

0.012 



IMS-1280 (2012) 

U3-LANL-8 

U3 

Host 

Host 

2.047 

0.020 



IMS-1280 (2012) 

U3-LANL-9 

U3 

Host 

Host 

2.923 

0.026 



IMS-1280 (2012) 

U3-LANL-10 

U3 

Host 

Host 

4.030 

0.040 



IMS-1280 (2012) 

U3-LANL-11 

U3 

Host 

Host 

3.834 

0.042 



IMS-1280 (2012) 

U3-LANL-16 

U3 

Host 

Host 

2.517 

0.029 



IMS-1280 (2012) 

U3-LANL-17 

U3 

Host 

Host 

3.208 

0.033 



IMS-1280 (2012) 

U3-LANL-18 

U3 

Host 

Host 

4.629 

0.046 



IMS-1280 (2012) 

U3-LANL-19 

U3 

Host 

Host 

4.520 

0.052 



IMS-1280 (2012) 

U3-LANL-20 

U3 

Host 

Host 

1.103 

0.019 



IMS-1280 (2012) 

U3-LANL-21 

U3 

Host 

Host 

0.522 

0.008 



IMS-1280 (2012) 

U3-LANL-22 

U3 

Host 

Host 

4.121 

0.042 



IMS-1280 (2012) 

U3-LANL-23 

U3 

Host 

Host 

4.034 

0.039 



IMS-1280 (2012) 

U3-LANL-24 

U3 

Host 

Host 

5.317 

0.054 



IMS-1280 (2012) 

U3-LANL-25 

U3 

Host 

Host 

6.565 

0.058 



IMS-1280 (2012) 

U3-LANL-26 

U3 

Host 

Host 

5.152 

0.053 



IMS-1280 (2012) 

U3-LANL-28 

U3 

Host 

Host 

5.450 

0.110 



IMS-3f (2012) 

U3-LLNL-1 

U3 

Host 

Host 

4.390 

0.120 



IMS-3f (2012) 

U3-LLNL-2 

U3 

Host 

Host 

5.480 

0.110 



IMS-3f (2012) 

U3-LLNL-3 

U3 

Host 

Host 

4.280 

0.100 



IMS-3f (2012) 

U3-LLNL-4 

U3 

Host 

Host 

3.970 

0.110 



IMS-3f (2012) 

U3-LLNL-5 

U3 

Host 

Host 

1.910 

0.080 



IMS-3f (2012) 

U3-LLNL-6 

U3 

Host 

Host 

3.160 

0.090 



IMS-3f (2012) 

U3-LLNL-7 

U3 

Host 

Host 

4.090 

0.100 



IMS-3f (2012) 

U3-LLNL-8 
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U3 

Host 

Host 

4.320 

0.100 



IMS-3f (2012) 

U3-LLNL-9 

U3 

Host 

Host 

4.470 

0.120 



IMS-3f (2012) 

U3-LLNL-14 

U3 

Host 

Host 

3.080 

0.060 



IMS-3f (2012) 

U3-LLNL-15 

U3 

Host 

Host 

0.410 

0.030 



IMS-3f (2012) 

U3-LLNL-16 

U3 

Host 

Host 

1.150 

0.030 



IMS-3f (2012) 

U3-LLNL-17 

U3 

Host 

Host 

0.240 

0.010 



IMS-3f (2012) 

U3-LLNL-18 

U3 

Host 

Host 

0.900 

0.060 



IMS-3f (2012) 

U3-LLNL-19 

U3 

Host 

Host 

2.630 

0.080 



IMS-3f (2012) 

U3-LLNL-20 

U3 

Host 

Host 

3.040 

0.080 



IMS-3f (2012) 

U3-LLNL-21 

U3 

Agglomerate 

U3.3 

4.585 

0.045 

X 

X 

IMS-1280 (2012) 

U3-LANL-13 

U3 

Agglomerate 

U3.4 

5.712 

0.073 

X 

X 

IMS-1280 (2012) 

U3-LANL-14 

U3 

Agglomerate 

U3.5 

4.414 

0.053 

X 

X 

IMS-1280 (2012) 

U3-LANL-27 

U3 

Agglomerate 

U3.1 

4.900 

0.110 



IMS-3f (2012) 

U3-LLNL-11 

U3 

Agglomerate 

U3.2 

4.470 

0.110 



IMS-3f (2012) 

U3-LLNL-12 

U4 

Unknown 

Unknown 

4.708 

0.070 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-1 

U4 

Unknown 

Unknown 

4.596 

0.066 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-2 

U4 

Unknown 

Unknown 

4.635 

0.063 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-3 

U4 

Unknown 

Unknown 

3.935 

0.067 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-4 

U4 

Unknown 

Unknown 

3.811 

0.061 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-5 

U4 

Unknown 

Unknown 

3.075 

0.038 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-6 

U4 

Unknown 

Unknown 

3.218 

0.034 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-7 

U4 

Unknown 

Unknown 

3.953 

0.049 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-8 

U4 

Unknown 

Unknown 

4.204 

0.052 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-9 

U4 

Unknown 

Unknown 

3.869 

0.047 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-10 

U4 

Unknown 

Unknown 

5.225 

0.066 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-11 

U4 

Unknown 

Unknown 

4.737 

0.068 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-12 

U4 

Unknown 

Unknown 

5.237 

0.064 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-13 

U4 

Unknown 

Unknown 

5.150 

0.066 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-14 

U4 

Unknown 

Unknown 

5.164 

0.070 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-15 

U4 

Unknown 

Unknown 

5.344 

0.069 

Unknown 

Unknown 

IMS-1280 (2012) 

U4-LANL-16 

U4 

Host 

Host 

1.900 

0.050 



IMS-3f (2012) 

U4-LLNL-5 

U4 

Host 

Host 

3.920 

0.080 



IMS-3f (2012) 

U4-LLNL-6 

U4 

Host 

Host 

2.960 

0.060 



IMS-3f (2012) 

U4-LLNL-7 

U4 

Host 

Host 

2.940 

0.060 



IMS-3f (2012) 

U4-LLNL-8 

U4 

Host 

Host 

5.100 

0.120 



IMS-3f (2012) 

U4-LLNL-10 

U4 

Host 

Host 

5.430 

0.120 



IMS-3f (2012) 

U4-LLNL-11 

U4 

Host 

Host 

4.670 

0.100 



IMS-3f (2012) 

U4-LLNL-14 

U4 

Host 

Host 

3.050 

0.080 



IMS-3f (2012) 

U4-LLNL-15 

U4 

Host 

Host 

2.460 

0.070 



IMS-3f (2012) 

U4-LLNL-17 

U4 

Host 

Host 

3.310 

0.080 



IMS-3f (2012) 

U4-LLNL-18 

U4 

Host 

Host 

2.110 

0.050 



IMS-3f (2012) 

U4-LLNL-19 

U4 

Agglomerate 

U4.1 

5.890 

0.140 



IMS-3f (2012) 

U4-LLNL-1 

U4 

Agglomerate 

U4.1 

6.240 

0.120 



IMS-3f (2012) 

U4-LLNL-2 

U4 

Agglomerate 

U4.1 

5.710 

0.110 



IMS-3f (2012) 

U4-LLNL-3 

U4 

Agglomerate 

U4.1 

6.090 

0.110 



IMS-3f (2012) 

U4-LLNL-4 

U4 

Agglomerate 

U4.2 

4.320 

0.120 



IMS-3f (2012) 

U4-LLNL-9 

U4 

Agglomerate 

U4.3 

5.860 

0.130 



IMS-3f (2012) 

U4-LLNL-12 

U4 

Agglomerate 

U4.3 

5.160 

0.140 



IMS-3f (2012) 

U4-LLNL-13 

U4 

Agglomerate 

U4.2 

5.850 

0.150 



IMS-3f (2012) 

U4-LLNL-16 
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F.3 Minor U Isotope Ratio Measurements 



Table F.3: Fractionation-corrected SIMS measurements of the 235 U/ 238 U, 234 U/ 238 U, and 236 U/ 238 U ratios in fallout. All measurements 
that included the minor isotopes of U were collected using LANL’s IMS-1280 and include a total of 172 measurements, approximately 53% 
of all measurements collected in this study. While all the measurements below include 234 U/ 238 U, only a subset also include the 236 U/ 238 U 
ratio. The three agglomerates for for which the minor the isotope ratio was measured (U3.3, U3.4, and U3.5), were measurements that 


overlapped the compositional ii 


rface and also significantly 


ipled the host object in addition to the agglomerate. 


Sample 

Session 

Run Name 

Location 

235XJ/238U 

2<t 

234U/238U 

2(7 236 t 

j/238u 

2(7 

FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-1 

Host 

3.280 

0.032 

3.69E-02 

1.89E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-2 

Host 

3.591 

0.036 

3.99E-02 

1.80E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-3 

Host 

3.784 

0.038 

4.11E-02 

1.81E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-4 

Host 

3.322 

0.032 

3.71E-02 

1.63E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-5 

Host 

3.586 

0.040 

3.83E-02 

1.80E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-6 

Host 

3.388 

0.035 

3.60E-02 

1.95E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-7 

Host 

3.697 

0.033 

4.03E-02 

1.61E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-8 

Host 

3.792 

0.036 

4.07E-02 

1.61E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-9 

Host 

2.848 

0.024 

3.15E-02 

1.47E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-10 

Host 

4.165 

0.035 

4.45E-02 

1.68E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-11 

Host 

3.864 

0.033 

4.17E-02 

1.56E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-12 

Host 

3.256 

0.033 

3.54E-02 

1.42E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-13 

Host 

3.189 

0.026 

3.35E-02 

1.28E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-14 

Host 

3.527 

0.029 

3.82E-02 

1.38E-03 



FLD15 

IMS-1280 (2015) 

FLD15-IMS1280-15 

Host 

4.417 

0.043 

4.83E-02 

1.91E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-1 

Host 

7.271 

0.071 

7.99E-02 

2.31E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-2 

Host 

6.603 

0.055 

7.03E-02 

2.21E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-3 

Host 

5.866 

0.049 

6.30E-02 

1.96E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-4 

Host 

5.656 

0.054 

6.11E-02 

2.30E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-5 

Host 

6.398 

0.061 

6.73E-02 

2.37E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-6 

Host 

1.413 

0.008 

1.55E-02 

5.78E-04 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-7 

Host 

8.697 

0.089 

9.25E-02 

2.77E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-8 

Host 

6.061 

0.060 

6.29E-02 

2.32E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-9 

Host 

1.580 

0.008 

1.71E-02 

4.95E-04 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-10 

Host 

5.609 

0.059 

5.97E-02 

2.55E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-11 

Host 

2.356 

0.034 

2.43E-02 

1.91E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-12 

Host 

6.218 

0.067 

6.63E-02 

2.48E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-13 

Host 

4.823 

0.051 

5.25E-02 

2.07E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-14 

Host 

7.103 

0.084 

7.57E-02 

3.04E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-15 

Host 

6.057 

0.059 

6.57E-02 

2.42E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-16 

Host 

5.464 

0.046 

5.95E-02 

1.75E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-17 

Host 

5.864 

0.048 

6.31E-02 

2.27E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-18 

Host 

5.300 

0.046 

5.80E-02 

1.96E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-19 

Host 

5.518 

0.051 

6.05E-02 

2.14E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-20 

Host 

5.357 

0.044 

5.97E-02 

1.99E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-21 

Host 

4.173 

0.035 

4.53E-02 

1.63E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-22 

Host 

4.047 

0.033 

4.45E-02 

1.38E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-23 

Host 

6.339 

0.065 

7.10E-02 

3.03E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-24 

Host 

5.506 

0.052 

5.87E-02 

2.04E-03 



FLD16 

IMS-1280 (2015) 

FLD16-IMS1280-25 

Host 

6.888 

0.079 

7.80E-02 

3.38E-03 
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FLD16 

FLD16 

FLD16 

FLD16 

FLD16 

FLD16 

FLD16 

FLD16 

FLD16 

FLD16 

FLD16 

FLD18 

FLD18 

FLD18 

FLD18 

FLD18 

FLD18 

FLD18 

FLD18 

FLD18 

FLD18 

FLD20 

FLD20 

FLD20 

FLD20 

FLD20 

U1A 

U1A 

U1A 

U1B 

U1B 

U1B 

U1B 

U1B 

U1B 

U1B 

U1B 

U1B 

U1B 

U1B 

U1B 

U2 

U2 

U2 

U2 

U2 

U2 

U2 


IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2015) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 
IMS-1280 (2012) 


FLD16-IMS1280-26 

FLD16-IMS1280-27 

FLD16-IMS1280-28 

FLD16-IMS1280-29 

FLD16-IMS1280-30 

FLD16-IMS1280-31 

FLD16-IMS1280-32 

FLD16-IMS1280-33 

FLD16-IMS1280-34 

FLD16-IMS1280-35 

FLD16-IMS1280-36 

FLD18-IMS1280-1 

FLD18-IMS1280-2 

FLD18-IMS1280-3 

FLD18-IMS1280-4 

FLD18-IMS1280-5 

FLD18-IMS1280-6 

FLD18-IMS1280-7 

FLD18-IMS1280-8 

FLD18-IMS1280-9 

FLD18-IMS1280-10 

FLD20-IMS1280-1 

FLD20-IMS1280-2 

FLD20-IMS1280-3 

FLD20-IMS1280-4 

FLD20-IMS1280-5 

U1A-LANL-1 

U1A-LANL-2 

U1A-LANL-3 

U1B-LANL-1 

U1B-LANL-2 

U1B-LANL-3 

U1B-LANL-4 

U1B-LANL-5 

U1B-LANL-6 

U1B-LANL-7 

U1B-LANL-8 

U1B-LANL-9 

U1B-LANL-10 

U1B-LANL-11 

U1B-LANL-12 

U2-LANL-1 

U2-LANL-2 

U2-LANL-3 

U2-LANL-4 

U2-LANL-5 

U2-LANL-6 

U2-LANL-7 


Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 


6.358 0.070 
5.290 0.055 
5.794 0.065 
5.296 0.051 
4.726 0.061 
5.307 0.053 
6.390 0.090 
7.415 0.077 
6.095 0.075 
5.543 0.041 
5.108 0.057 
4.833 0.039 
4.424 0.041 
4.817 0.039 
3.053 0.029 
4.193 0.039 
4.659 0.037 
4.756 0.040 
4.392 0.036 
4.546 0.036 
4.565 0.037 
2.504 0.025 
5.395 0.049 
3.541 0.030 
4.601 0.042 
4.586 0.036 
3.850 0.064 
3.084 0.051 
3.519 0.074 
7.609 0.103 
7.339 0.092 
6.142 0.081 
7.172 0.091 
7.264 0.093 
8.637 0.120 
7.121 0.098 
6.284 0.090 
7.052 0.244 
7.248 0.097 
7.451 0.099 
6.085 0.106 
3.372 0.043 
3.841 0.055 
2.178 0.076 
1.220 0.011 
3.187 0.029 
3.086 0.025 
1.576 0.019 


6.72E-02 3.07E-03 
5.77E-02 3.01E-03 
6.24E-02 2.82E-03 
5.76E-02 2.36E-03 
5.13E-02 2.17E-03 
5.70E-02 2.22E-03 
7.07E-02 3.54E-03 
7.96E-02 2.84E-03 
6.76E-02 2.98E-03 
6.22E-02 1.71E-03 
5.43E-02 2.90E-03 
5.02E-02 1.93E-03 
4.75E-02 1.96E-03 
5.02E-02 1.67E-03 
3.30E-02 1.33E-03 
4.56E-02 1.81E-03 
4.93E-02 1.60E-03 
5.02E-02 1.77E-03 
4.70E-02 1.61E-03 
4.94E-02 2.01E-03 
4.96E-02 2.09E-03 
2.69E-02 1.16E-03 
5.85E-02 1.80E-03 
3.74E-02 1.50E-03 
5.05E-02 1.80E-03 
4.93E-02 1.61E-03 
4.16E-02 1.79E-03 
3.29E-02 1.69E-03 
3.8415-02 2.89E-03 
8.36E-02 2.50E-03 
7.95E-02 2.30E-03 
6.74E-02 2.10E-03 
7.67E-02 2.49E-03 
7.85E-02 2.30E-03 
9.40E-02 2.89E-03 
7.60E-02 2.30E-03 
6.64E-02 2.79E-03 
7.92E-02 6.27E-03 
7.7615-02 2.89E-03 
7.9915-02 2.69E-03 
6.49E-02 2.69E-03 
3.60E-02 1.58E-03 
4.16E-02 1.42E-03 
2.39E-02 1.13E-03 
1.31E-02 4.76E-04 
3.46E-02 8.83E-04 
3.36E-02 7.92E-04 
1.74E-02 6.22E-04 


1.82E-02 1.11E-03 
1.54E-02 1.10E-03 
1.8915-02 1.51E-03 

3.5615- 02 1.71E-03 
3.48E-02 1.41E-03 
3.00E-02 1.31E-03 
3.4415-02 1.41E-03 
3.57E-02 1.51E-03 
4.20E-02 1.72E-03 
3.5515-02 1.51E-03 
3.00E-02 1.41E-03 
3.26E-02 3.21E-03 
3.5115-02 1.61E-03 
3.5915-02 1.51E-03 
2.91E-02 1.51E-03 
1.75E-02 9.54E-04 
1.97E-02 9.15E-04 
1.1315-02 6.11E-04 
6.15E-03 3.30E-04 
1.64E-02 6.85E-04 

1.5615- 02 5.61E-04 
7.95E-03 4.07E-04 
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U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U2 IMS-1280 

U3 IMS-1280 

U3 IMS-1280 

U3 IMS-1280 

U3 IMS-1280 

U3 IMS-1280 

U3 IMS-1280 

U3 IMS-1280 

U3 IMS-1280 


(2012) U2-LANL-8 
(2012) U2-LANL-9 
(2012) U2-LANL-10 
(2012) U2-LANL-11 
(2012) U2-LANL-12 
(2012) U2-LANL-13 
(2012) U2-LANL-14 
(2012) U2-LANL-15 
(2012) U2-LANL-16 
(2012) U2-LANL-17 
(2012) U2-LANL-18 
(2012) U2-LANL-19 
(2012) U2-LANL-20 
(2012) U2-LANL-21 
(2012) U2-LANL-22 
(2012) U2-LANL-23 
(2012) U2-LANL-24 
(2012) U2-LANL-25 
(2012) U2-LANL-26 
(2012) U2-LANL-27 
(2012) U2-LANL-28 
(2012) U2-LANL-29 
(2012) U2-LANL-30 
(2012) U2-LANL-31 
(2012) U2-LANL-32 
(2012) U2-LANL-33 
(2012) U2-LANL-34 
(2012) U2-LANL-35 
(2012) U2-LANL-36 
(2012) U2-LANL-37 
(2012) U2-LANL-38 
(2012) U2-LANL-39 
(2012) U2-LANL-40 
(2012) U2-LANL-41 
(2012) U2-LANL-42 
(2012) U2-LANL-43 
(2012) U2-LANL-44 
(2012) U2-LANL-45 
(2012) U2-LANL-46 
(2012) U2-LANL-47 
(2012) U3-LANL-12 
(2012) U3-LANL-15 
(2012) U3-LANL-1 
(2012) U3-LANL-2 
(2012) U3-LANL-3 
(2012) U3-LANL-4 
(2012) U3-LANL-5 
(2012) U3-LANL-6 


Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Host 

Unknown 

Unknown 

Host 

Host 

Host 

Host 

Host 

Host 


2.595 0.085 
2.953 0.035 
0.607 0.011 
0.838 0.031 
2.341 0.043 
5.716 0.055 
2.631 0.029 
4.599 0.043 
5.006 0.049 
4.295 0.042 
0.044 0.003 

2.767 0.026 
0.076 0.002 
0.110 0.002 
0.165 0.004 
1.232 0.011 
3.887 0.039 
0.745 0.010 
1.164 0.019 
4.447 0.037 
3.008 0.024 
3.344 0.027 
0.192 0.003 
0.301 0.005 
0.052 0.002 
0.034 0.002 
0.126 0.002 
0.288 0.004 
5.133 0.043 
1.039 0.026 
2.340 0.023 
2.390 0.038 
4.474 0.046 
5.132 0.039 
5.225 0.040 
4.962 0.036 
5.972 0.061 
5.420 0.054 
0.913 0.011 
1.389 0.024 
3.779 0.038 
4.713 0.064 
3.236 0.076 
2.180 0.034 
3.118 0.039 

3.768 0.047 
3.838 0.043 
3.898 0.048 


2.82E-02 1.16E-03 
3.18E-02 8.28E-04 
7.13E-03 3.49E-04 
9.50E-03 5.15E-04 
2.56E-02 8.24E-04 
6.25E-02 1.21E-03 
2.89E-02 9.20E-04 
4.88E-02 1.06E-03 
5.44E-02 1.32E-03 
4.68E-02 1.18E-03 
5.47E-04 1.44E-04 
2.97E-02 6.57E-04 
8.09E-04 1.60E-04 
1.32E-03 1.49E-04 
1.71E-03 1.80E-04 
1.29E-02 4.73E-04 
4.27E-02 1.22E-03 
7.83E-03 3.95E-04 
1.26E-02 6.42E-04 
4.79E-02 1.08E-03 
3.28E-02 7.94E-04 
3.60E-02 8.88E-04 
2.02E-03 1.84E-04 
3.32E-03 2.52E-04 
5.17E-04 1.21E-04 
3.44E-04 7.71E-05 
1.31E-03 1.16E-04 
2.93E-03 2.18E-04 
5.53E-02 1.17E-03 
1.10E-02 4.10E-04 
2.56E-02 7.10E-04 
2.53E-02 7.91E-04 
4.76E-02 1.04E-03 
5.46E-02 1.10E-03 
5.66E-02 1.30E-03 
5.32E-02 9.53E-04 
6.47E-02 1.62E-03 
5.86E-02 1.49E-03 
9.85E-03 4.17E-04 
1.63E-02 6.56E-04 
3.99E-02 1.16E-03 
5.01E-02 1.57E-03 
3.43E-02 2.27E-03 
2.42E-02 1.16E-03 
3.37E-02 1.24E-03 
4.03E-02 1.34E-03 
4.23E-02 1.45E-03 
4.25E-02 1.52E-03 


1.31E-02 4.56E-04 
1.50E-02 5.29E-04 
3.11E-03 2.56E-04 
4.39E-03 2.73E-04 
1.19E-02 5.55E-04 
2.80E-02 8.03E-04 
1.30E-02 6.97E-04 
2.23E-02 7.01E-04 
2.46E-02 7.41E-04 
2.11E-02 7.73E-04 
2.1415-04 9.07E-05 
1.33E-02 4.3215-04 
3.81E-04 1.04E-04 
5.58E-04 9.34E-05 
8.0315-04 1.29E-04 
6.24E-03 3.52E-04 
1.93E-02 7.64E-04 
3.61E-03 2.66E-04 
5.47E-03 3.85E-04 
2.12E-02 8.21E-04 
1.46E-02 6.59E-04 
1.65E-02 5.7415-04 
9.79E-04 1.27E-04 
1.58E-03 1.64E-04 
2.2115-04 8.15E-05 
1.7015-04 4.85E-05 
6.08E-04 7.37E-05 
1.46E-03 1.41E-04 
2.48E-02 8.21E-04 
4.83E-03 3.35E-04 
1.11E-02 4.41E-04 
1.17E-02 4.96E-04 
2.15E-02 6.65E-04 
2.39E-02 6.92E-04 
2.50E-02 7.65E-04 
2.35E-02 6.26E-04 
2.88E-02 1.11E-03 
2.61E-02 1.12E-03 
4.3815-03 3.17E-04 
7.01E-03 4.34E-04 
1.79E-02 7.61E-04 
2.29E-02 1.03E-03 
1.58E-02 1.49E-03 
1.10E-02 8.17E-04 
1.44E-02 8.13E-04 
1.77E-02 9.29E-04 
1.81E-02 9.81E-04 
1.96E-02 8.63E-04 
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(2012) U4-LANL-8 
(2012) U4-LANL-9 
(2012) U4-LANL-10 
(2012) U4-LANL-11 
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3.662 0.029 
1.133 0.012 
2.047 0.020 
2.923 0.026 
4.030 0.040 
3.834 0.042 
2.517 0.029 
3.208 0.033 
4.629 0.046 
4.520 0.052 
1.103 0.019 
0.522 0.008 
4.121 0.042 
4.034 0.039 
5.317 0.054 
6.565 0.058 
5.152 0.053 
4.585 0.045 
5.712 0.073 
4.414 0.053 
4.708 0.070 
4.596 0.066 
4.635 0.063 
3.935 0.067 
3.811 0.061 
3.075 0.038 
3.218 0.034 
3.953 0.049 
4.204 0.052 
3.869 0.047 
5.225 0.066 
4.737 0.068 
5.237 0.064 
5.150 0.066 
5.164 0.070 
5.344 0.069 


4.01E-02 9.12E-04 
1.27E-02 5.51E-04 
2.21E-02 7.18E-04 
3.16E-02 8.03E-04 
4.30E-02 1.01E-03 
4.13E-02 1.56E-03 
2.71E-02 9.44E-04 
3.44E-02 1.07E-03 
5.06E-02 1.46E-03 
4.83E-02 1.35E-03 
1.18E-02 6.43E-04 
5.51E-03 3.91E-04 
4.42E-02 1.32E-03 
4.34E-02 1.25E-03 
5.76E-02 1.49E-03 
7.08E-02 1.44E-03 
5.72E-02 1.36E-03 
4.95E-02 1.30E-03 
6.13E-02 2.07E-03 
4.77E-02 1.34E-03 
4.91E-02 2.85E-03 
5.23E-02 2.45E-03 
4.96E-02 2.65E-03 
4.30E-02 2.39E-03 
4.16E-02 2.20E-03 
3.32E-02 1.69E-03 
3.44E-02 1.79E-03 
4.43E-02 2.21E-03 
4.61E-02 2.19E-03 
4.23E-02 2.35E-03 
5.65E-02 2.62E-03 
4.91E-02 2.40E-03 
5.88E-02 2.77E-03 
5.65E-02 3.01E-03 
5.57E-02 3.26E-03 
5.93E-02 3.19E-03 


1.78E-02 6.23E-04 
5.46E-03 3.76E-04 
1.00E-02 4.56E-04 
1.4115-02 5.28E-04 
1.97E-02 7.01E-04 
1.85E-02 8.45E-04 
1.27E-02 6.35E-04 
1.5315-02 7.06E-04 
2.31E-02 8.73E-04 
2.23E-02 8.82E-04 
5.36E-03 4.11E-04 
2.48E-03 2.67E-04 
2.02E-02 9.26E-04 
1.96E-02 7.52E-04 
2.60E-02 8.81E-04 
3.21E-02 9.88E-04 
2.47E-02 8.65E-04 
2.31E-02 8.6215-04 
2.85E-02 1.23E-03 
2.18E-02 8.83E-04 
2.30E-02 1.59E-03 
2.3715-02 1.6415-03 
2.35E-02 1.61E-03 
2.16E-02 1.61E-03 
1.80E-02 1.36E-03 
1.5415-02 1.21E-03 
1.57E-02 1.16E-03 
1.98E-02 1.50E-03 
2.0415-02 1.46E-03 
1.97E-02 1.49E-03 
2.55E-02 1.75E-03 
2.3415-02 1.65E-03 
2.43E-02 1.7715-03 
2.55E-02 1.85E-03 
2.43E-02 1.96E-03 
2.68E-02 1.98E-03 
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F.4 Location of SIMS Analyses 



Figure F.l: Si compositional map showing the location of the SIMS analyses in agglomerate FLD10.L 
(Analyses FLD10-NS17-6 to FLD10-NS17-8) and the host FLD10 during a 2017 analytical campaign with 
a CAMECA NanoSIMS. 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios were measured. The SIMS analyses craters 
have dimensions 15x15 /urn 
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Figure F.2: Si compositional map showing the location of the SIMS analyses in agglomerates FLD14.L 
(Analyses FLD14-NS17-1 and FLD14-NS17-2) and FLD14.1 (Analysis FLD14-NS17-10) and the host FLD14 
during a 2017 analytical campaign with a CAMECA NanoSIMS. 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios were 
measured. The SIMS analyses craters are square and have dimensions 15x15 /xm. 
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Figure F.3: Location of the SIMS analyses in sample FLD15 conducted during a 2015 analytical campaign 
at LANL with a CAMECA IMS-1280 . 235 U/ 238 U and 234 U/ 238 U ratios were measured. The SIMS analyses 
craters are square rasters with dimensions ~30 pm x ~30 pm. 
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Figure F.4: Location of the SIMS analyses in sample FLD16 conducted during a 2015 analytical campaign 
at LANL with a CAMECA IMS-1280 . 235 U/ 238 U and 234 U/ 238 U ratios were measured. The SIMS analyses 
craters are square rasters with dimensions ~30 pm x ~30 pm. 
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Figure F.5: Si compositional maps showing the location of the SIMS analyses in agglomerates FLD17.int.2 
(Analyses FLD17-NS17-2, FLD17-NS17-3, and FLD17-NS17-4) and the host FLD17 (Analyses FLD17-NS17- 
1 and FLD17-NS17-5) during a 2017 analytical campaign with a CAMECA NanoSIMS. 235 U/ 238 U, U/ 30 Si, 
and U/ 42 Ca ratios were measured. The SIMS analyses craters for all analyses within the agglomerates are 
square and have dimensions 15x15 pm. 
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Figure F.6: Location of the SIMS analyses in sample FLD18 conducted during a 2015 analytical campaign 
at LANL with a CAMECA IMS-1280, 235 U/ 238 U and 234 ^/ 238 ^ ratios were meaS ured. The SIMS analyses 
craters are square rasters with dimensions~30 pm x ~30 pm. The SIMS analyses within FLD18.1 and 
FLD18.2 are shown below. 
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Figure F.7: Location of the SIMS analyses in agglomerates FLD18.2 (interior agglomerate) and FLD18.1 
(exterior agglomerate) associated with the host FLD18 during 2016 and 2017 NanoSIMS analytical cam¬ 
paigns, respectively. The inset of showing FLD18.1 is a BSE image while the inset showing FLD18.2 is an 
A1 compositional map to better highlight the compositional interface. 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios 
were measured. The SIMS analyses craters are square rasters with dimensions 15x15 /urn 
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Figure F.8: Location of the SIMS analyses in sample FLD20 conducted during a 2015 analytical campaign 
at LANL with a CAMECA IMS-1280 . 235 U/ 238 U and 234 U/ 238 U ratios were measured. The SIMS analyses 
craters are square rasters with dimensions ~30 pm x ~30 pm. 
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Figure F.9: Location of the SIMS analyses in agglomerates FLD23.1.1, FLD23.1.2, FLD23.1.3, and one anal¬ 
ysis in host FLD23 conducted during a 2016 analytical campaign with a CAMECA NanoSIMS. 235 U/ 238 U, 
U/ 30 Si, and U/ 42 Ca ratios were measured. The SIMS analyses craters are square rasters with dimensions 
15x15 /xm. 
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Figure F.10: BSE image showing the location of the SIMS analyses in agglomerates FLD23.2.1, FLD23.1.2, 
and two analyses in host FLD23 conducted during a 2016 analytical campaign with a CAMECA NanoSIMS. 
235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios were measured. The SIMS analyses craters are square rasters with 
dimensions 15x15 fi m. 
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Figure F.ll: BSE image showing the location of the SIMS analyses in agglomerates FLD23.3.1 and FLD23.3.2 
during a 2016 analytical campaign with a CAMECA NanoSIMS. 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios were 
measured. The SIMS analyses craters are square rasters with dimensions 15x15 /zm. 
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Analyses FLD23-NS16-13 to FLD23-NS16-15 



Figure F.12: BSE image showing the location of the SIMS analyses in agglomerates FLD23.4.1, FLD23.4.2, 
and FLD23.5.1 during a 2016 analytical campaign with a CAMECA NanoSIMS. 235 U/ 238 U, U/ 30 Si, and 
U/ 42 Ca ratios were measured. The SIMS analyses craters are square rasters with dimensions 15x15 jiui. 
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Figure F.13: BSE image showing the location of the SIMS analyses in agglomerate FLD23.L during a 2017 
analytical campaign with a CAMECA NanoSIMS. One analysis was performed within the agglomerate and 
one analysis overlapped the interface between FLD23.L and FLD23. 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios 
were measured. The SIMS analyses craters are square rasters with dimensions 15x15 /zm. 
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Figure F.14: Locations of the SIMS analyses in agglomerates FLD4.3.1 (analysis FLD43-NS17-1), FLD4.3.2 
(analysis FLD43-NS17-2), FLD4.3.3 (analyses FLD43-NS17-3 and FLD43-NS17-4), FLD4.3.5 (analysis 
FLD43-NS17-6), and the host FLD4.3 (analysis FLD43-NS17-5) during a 2017 analytical campaign with 
a CAMECA NanoSIMS. 235 U/ 238 U, U/ 30 Si, and U/ 42 Ca ratios were measured. The SIMS analyses craters 
are square rasters with dimensions 15 x 15 fi m. 
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Figure F.15: A1 compositional map showing the location of the SIMS analyses in the host of sample U1A 
conducted during a 2015 analytical campaign at LANL with a CAMECA IMS-1280 . 235 U/ 238 U, 234 U/ 238 U, 
and 236 XJ/ 238 U ratios were measured. The SIMS analyses craters are square rasters with dimensions ~30 
/mi x ~30 /xm. 
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Figure F.16: A1 compositional map showing the location of the SIMS analyses in the host of sample U1B 
conducted during a 2015 analytical campaign at LANL with a CAMECA IMS-1280. Analyses U1B-LANL-2 
and U1B-LANL-11 and analyses U1B-LANL-3 and U1B-LANL-12 were performed in the same location. 
235 U/ 238 U, 234 U/ 238 U, and 236 U/ 238 U ratios were measured. The SIMS analyses craters are square rasters 
with dimensions ~30 pm x ~30 pm. Analyses performed in U1B.L and U1B.2 are shown below. 
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Figure F.17: A1 and Si compositional maps showing the location of the SIMS analyses in agglomerates U1B.2 
and U1B.L during 2016 and 2017 analytical campaigns with a CAMECA NanoSIMS. 235 U/ 238 U, U/ 30 Si, 
and U/ 42 Ca ratios were measured. The SIMS analyses craters for all analyses within the agglomerates are 
square and have dimensions 15x15 /rm. The NanoSIMS analysis over the interface of U1B.L (U1B-NS17-2) 
is square and has dimensions 20x20 fim. 
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Figure F.18: BSE image showing the location of the SIMS analyses in the host of sample U2 conducted during 
a 2012 analytical campaign at LLNL with a CAMECA IMS-3f (analyses denoted with red circles, marked 
with serif numbers) and a 2013 analytical campaign at LANL with a CAMECA IMS-1280 (analyses denoted 
with yellow squares and marked with sans-serif numbers). 235 U/ 238 U were measured for both analytical 
campaigns and 234 U/ 238 U and 236 U/ 238 U ratios were measured during the IMS-1280 analyses. The IMS-3f 
analytical craters are approximately circular with diameters ~ 15-30 pm and the IMS-1280 analytical craters 
are square rasters with dimensions ~30 pm x ~30 pm. 
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Figure F.19: A1 compositional map showing the location of the SIMS analyses in the host and associated 
agglomerates of sample U3 conducted during a 2012 analytical campaign at LLNL with a CAMECA IMS-3f 
(analyses denoted with red circles, marked with serif numbers) and a 2013 analytical campaign at LANL 
with a CAMECA IMS-1280 (analyses denoted with yellow squares and marked with sans-serif numbers). 
Agglomerates are marked in white. 235 U/ 238 U and U/ 30 Si ratios were measured during the IMS-3f analyses 
in 2012 and 235 U/ 238 U, 234 U/ 238 U, and 236 U/ 238 U ratios were measured during the IMS-1280 analyses. The 
IMS-3f analytical craters are approximately circular with diameters ~15-30 pm and the IMS-1280 analytical 
craters are square rasters with dimensions ~30 pm x ~30 pm. The analysis marked “N.D.” denotes that 
no data was collected. 
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Figure F.20: A1 compositional map showing the location of the SIMS analyses in host U4 and its associ¬ 
ated agglomerates characterized with SIMS conducted during a 2012 analytical campaign at LLNL with 
a CAMECA IMS-3f (analyses denoted with red circles, marked with serif numbers) and a 2013 analytical 
campaign at LANL with a CAMECA IMS-1280 (analyses denoted with yellow squares and marked with 
sans-serif numbers). Agglomerates characterized with SIMS are marked in white. 235 U/ 238 U and U/ 30 Si 
ratios were measured during the IMS-3f analyses in 2012 and 235 U/ 238 U, 234 U/ 238 U, and 236 U/ 238 U ratios 
were measured during the IMS-1280 analyses. The IMS-3f analytical craters are approximately circular with 
diameters ~15-30 pm and the IMS-1280 analytical craters are square rasters with dimensions ~30 pm x ~30 
pm. The location of the IMS-1280 analytical craters are approximate as they were too shallow to located 
by SEM after the SIMS analysis due to the short analytical times (these regions were analyzed using the 
multi-collector mode of the IMS-1280). 
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Appendix G 

Combined major element U isotope 
analyses 



Table G.l: Compositions of SIMS analytical craters and the U isotope ratios measured in those craters. EDS measurements were conducted 
between 1-4 rasters per SIMS analytical crater. For single EDS rasters, the uncertainties of the EDS composition is calculated as discussed 
in Chapter 6. For multiple EDS rasters, the data are the mean of the compositions and the uncertainties are the standard deviation of those 
measurements. Na20 compositions are included in this table but should be disregarded, following the discussion and results in Chapter 
5. Compositions and U isotope ratios for samples AA.B, AE.C, AG.D, and AH.E are extracted from the electronic annex of Weisz et al. 
(2016) and detailed in Chapter 5. 


Sample Location Interface 23B U/ 238 U 2a SiC>2 la AI2O3 la 

AA.B B1 - 6.36 2.55 73.98 0.26 12.11 0.15 

AA.B B2 - 4.56 1.38 72.47 0.43 13.05 0.07 

AE.C Cl - 6.56 0.88 73.39 0.58 10.95 0.24 

AE.C Host - 5.73 0.68 72.39 1.10 11.19 0.63 

AE.C C2 - 6.23 1.51 77.28 0.05 10.46 0.38 

AG.D D2 - 6.12 1.60 69.66 0.55 15.66 0.60 

AG. D Host - 6.27 1.25 70.80 0.41 14.49 0.35 

AH. E El - 7.42 1.17 70.69 0.72 13.52 0.13 

AH.E Host - 7.68 3.59 75.94 0.45 9.73 0.33 

FLD10 FLD10.L - 5.90 0.14 74.78 1.65 12.95 0.28 

FLD10 FLD10.L - 7.51 0.21 75.97 0.16 12.99 0.07 

FLD10 FLD10.L X 8.86 0.30 75.49 0.92 13.47 0.26 

FLD10 Host - 7.65 0.25 73.74 1.46 13.54 0.28 

FLD10 Host - 5.30 0.14 73.88 0.69 13.29 0.16 

FLD10 Host - 7.54 0.20 74.54 0.81 13.12 0.26 

FLD10 Host - 7.14 0.16 74.26 0.71 12.94 0.13 

FLD10 Host - 7.98 0.17 67.78 0.09 15.02 0.10 

FLD14 FLD14.L - 3.68 0.09 76.03 0.52 12.97 0.06 

FLD14 FLD14.L X 4.02 0.11 75.36 0.31 11.82 0.08 

FLD14 Host - 3.72 0.10 73.60 1.28 13.91 0.25 

FLD14 Host - 4.04 0.12 73.59 0.50 14.22 0.12 

FLD14 Host - 4.58 0.10 75.34 0.50 12.98 0.06 

FLD14 Host - 4.55 0.13 76.40 1.14 13.07 0.21 

FLD14 Host - 4.63 0.11 75.73 0.84 13.30 0.25 

FLD14 Host - 5.08 0.12 74.29 0.98 13.43 0.18 

FLD14 Host - 5.31 0.13 73.26 0.22 13.97 0.10 

FLD14 FLD14.1 X 4.41 0.10 75.39 0.22 11.61 0.03 

FLD14 Host - 4.93 0.14 74.90 0.86 12.93 0.17 

FLD14 Host - 5.26 0.13 72.56 0.47 13.17 0.09 

FLD14 Host - 5.29 0.13 73.36 0.70 13.96 0.28 

FLD15 Host - 3.28 0.03 72.46 1.00 12.80 0.19 

FLD15 Host - 3.59 0.04 72.87 0.45 12.43 0.08 

FLD15 Host - 3.78 0.04 71.93 1.00 12.51 0.16 

FLD15 Host - 3.32 0.03 72.14 1.11 12.89 0.16 

FLD15 Host - 3.59 0.04 72.96 0.35 12.88 0.06 

FLD15 Host - 3.39 0.04 72.25 0.82 12.34 0.14 

FLD15 Host - 3.70 0.03 71.16 1.04 12.36 0.19 

FLD15 Host - 3.79 0.04 72.00 0.94 12.82 0.18 

FLD15 Host - 2.85 0.02 71.57 0.84 12.71 0.19 


NagO la K 2 O 1<T CaO lcr FeO 1 <t Ti02 la MgO la 

1.46 0.01 4.36 0.02 1.72 0.03 2.23 0.04 0.30 0.00 0.52 0.02 

2.19 0.01 4.57 0.05 2.61 0.17 1.89 0.07 0.26 0.01 0.39 0.01 

1.56 0.03 4.94 0.07 2.16 0.08 2.85 0.12 0.27 0.01 0.53 0.03 

1.50 0.03 4.91 0.07 2.03 0.06 3.10 0.04 0.23 0.03 0.77 0.02 

1.44 0.01 4.56 0.27 1.25 0.08 2.38 0.09 0.22 0.01 0.39 0.04 

1.21 0.02 4.34 0.13 1.62 0.13 3.33 0.12 0.41 0.02 0.77 0.04 

1.21 0.03 4.33 0.09 1.85 0.17 3.25 0.20 0.31 0.02 0.54 0.05 

2.66 0.02 5.71 0.03 1.29 0.13 2.42 0.08 0.30 0.01 0.56 0.03 

2.12 0.00 5.14 0.02 1.02 0.10 2.33 0.05 0.22 0.01 0.30 0.01 

2.13 0.11 3.58 0.06 2.57 0.04 3.01 0.06 0.34 0.01 0.59 0.01 

2.05 0.04 3.56 0.02 2.44 0.03 3.01 0.04 0.33 0.03 0.59 0.03 

2.03 0.01 3.67 0.04 2.37 0.00 2.91 0.01 0.31 0.01 0.68 0.14 

2.05 0.03 3.77 0.01 2.26 0.03 3.01 0.04 0.34 0.02 0.57 0.02 

1.99 0.02 3.75 0.03 2.13 0.02 3.00 0.00 0.34 0.01 0.52 0.02 

2.54 0.10 3.75 0.03 2.49 0.03 2.91 0.08 0.31 0.01 0.64 0.13 

2.75 0.10 4.00 0.06 2.47 0.02 2.98 0.02 0.24 0.01 0.59 0.01 

2.76 0.07 4.29 0.04 1.87 0.03 3.76 0.01 0.50 0.02 0.86 0.09 

2.86 0.05 3.78 0.03 3.01 0.05 2.53 0.02 0.27 0.01 0.45 0.02 

3.10 0.06 3.96 0.03 3.49 0.03 2.78 0.05 0.25 0.02 0.46 0.01 

2.52 0.02 3.57 0.05 3.49 0.03 2.81 0.05 0.32 0.02 0.52 0.01 

2.47 0.07 3.38 0.04 3.51 0.02 2.82 0.04 0.33 0.01 0.50 0.00 

2.40 0.05 3.32 0.04 2.98 0.03 2.77 0.01 0.31 0.03 0.48 0.00 

2.41 0.03 3.40 0.02 3.00 0.03 2.79 0.05 0.28 0.03 0.47 0.04 

2.67 0.07 3.44 0.05 2.92 0.04 2.91 0.02 0.27 0.01 0.59 0.14 

2.61 0.09 3.55 0.03 2.48 0.03 2.95 0.06 0.36 0.01 0.50 0.00 

2.60 0.07 3.58 0.02 2.38 0.03 3.13 0.02 0.37 0.02 0.55 0.01 

2.90 0.08 3.82 0.02 3.32 0.04 2.88 0.05 0.27 0.03 0.51 0.01 

2.44 0.06 3.75 0.03 2.13 0.04 2.85 0.04 0.31 0.02 0.46 0.02 

2.28 0.07 3.67 0.01 2.18 0.02 3.10 0.01 0.37 0.03 0.51 0.02 

2.37 0.13 3.67 0.04 2.13 0.05 3.26 0.06 0.37 0.01 0.72 0.13 

2.99 0.06 3.67 0.02 3.48 0.03 2.90 0.03 0.30 0.02 0.57 0.01 

2.90 0.03 3.75 0.01 3.17 0.06 2.82 0.02 0.28 0.02 0.55 0.02 

2.91 0.07 3.75 0.03 3.35 0.04 2.83 0.04 0.31 0.02 0.55 0.00 

3.10 0.08 3.74 0.03 3.74 0.03 2.79 0.03 0.33 0.04 0.59 0.01 

3.10 0.04 3.75 0.04 3.46 0.06 2.85 0.03 0.31 0.01 0.57 0.01 

2.94 0.03 3.81 0.06 2.75 0.04 2.77 0.04 0.30 0.02 0.46 0.01 

2.80 0.05 3.80 0.03 3.14 0.08 2.82 0.04 0.31 0.01 0.50 0.01 

2.96 0.06 3.79 0.04 3.19 0.07 2.73 0.06 0.31 0.02 0.53 0.02 

2.70 0.04 3.80 0.04 3.59 0.04 2.73 0.05 0.31 0.02 0.52 0.01 
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FLD15 Host 
FLD15 Host 
FLD15 Host 
FLD15 Host 
FLD15 Host 
FLD15 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD16 Host 
FLD17 Host 
FLD17 FLD17.int.l - 
FLD17 FLD17.int.l X 
FLD17 FLD17.int.l X 
FLD17 Host 
FLD18 Host 
FLD18 FLD18.2 
FLD18 Host 
FLD18 Host 
FLD18 Host 
FLD18 Host 
FLD18 Host 
FLD18 Host 
FLD18 Host 
FLD18 FLD18.1 X 
FLD20 Host 
FLD20 Host 
FLD20 Host 
FLD20 Host 
FLD20 Host 
FLD23 FLD23.3.1 - 

FLD23 FLD23.3.2 - 

FLD23 FLD23.4.1 - 

FLD23 FLD23.4.2 - 

FLD23 FLD23.5.1 - 


4.17 0.03 73.51 

3.86 0.03 72.14 
3.26 0.03 71.95 
3.19 0.03 72.34 

3.53 0.03 72.02 
4.42 0.04 71.02 
6.22 0.07 71.01 

4.82 0.05 72.80 

7.10 0.08 71.07 
6.06 0.06 73.89 

5.30 0.05 69.90 
5.52 0.05 69.81 
5.36 0.04 78.58 

4.17 0.04 79.16 
4.05 0.03 76.47 
6.34 0.06 74.98 
5.51 0.05 74.99 

5.54 0.04 62.41 

5.11 0.06 73.91 

8.70 0.09 70.68 
6.06 0.06 72.46 

1.58 0.01 67.87 
5.61 0.06 74.50 

4.59 0.09 74.14 
3.91 0.09 74.35 

4.18 0.11 75.45 

5.11 0.13 76.50 

4.85 0.18 73.40 

4.83 0.04 74.52 

8.19 0.40 78.09 
4.42 0.04 76.16 
4.82 0.04 72.54 
3.05 0.03 73.28 

4.19 0.04 73.44 

4.76 0.04 73.40 

4.55 0.04 73.25 
4.57 0.04 75.03 

3.86 0.11 76.00 

2.50 0.02 75.40 
5.40 0.05 74.33 
3.54 0.03 76.78 

4.60 0.04 76.36 
4.59 0.04 77.05 

4.31 0.12 72.28 

4.67 0.14 74.25 

4.67 0.15 72.93 
4.78 0.15 71.78 
4.33 0.13 73.78 


0.13 12.22 0.05 

0.92 12.56 0.19 

0.12 12.18 0.01 

0.94 12.75 0.14 

0.60 12.85 0.07 

0.84 13.28 0.16 

3.00 15.30 0.77 

3.08 13.86 0.70 

3.01 17.55 0.88 

3.13 14.17 0.71 

2.96 15.22 0.76 

2.95 15.92 0.80 

3.32 13.36 0.67 

3.35 13.71 0.69 

3.23 13.22 0.66 

3.17 13.14 0.66 

3.17 13.52 0.68 

2.64 13.47 0.68 

3.13 13.00 0.65 

1.04 17.42 2.09 

3.06 15.81 0.79 

2.87 16.99 0.85 

3.15 13.64 0.68 

1.50 12.91 0.27 

0.48 13.62 0.11 

1.03 12.81 0.20 

0.58 12.31 0.12 

1.34 13.50 0.30 

0.81 14.16 0.15 

0.70 13.67 0.11 

1.09 13.73 0.14 

3.07 13.06 0.66 

3.10 13.26 0.67 

3.11 12.83 0.64 

3.10 13.99 0.70 

3.10 14.34 0.72 

3.17 13.81 0.69 

0.48 13.34 0.19 

0.57 13.55 0.10 

1.21 14.53 0.19 

0.25 13.60 0.05 

0.69 13.61 0.10 

3.26 12.42 0.62 

3.06 13.38 0.67 

3.14 12.88 0.65 

3.09 13.02 0.65 

3.04 13.60 0.68 

3.12 13.49 0.68 


2.66 0.02 

2.80 0.07 
2.86 0.02 
3.00 0.06 
2.94 0.03 
2.89 0.06 

1.48 0.11 
2.00 0.15 

2.73 0.20 

1.96 0.15 

2.41 0.18 
2.89 0.22 
2.20 0.16 
2.46 0.18 
2.56 0.19 
2.66 0.20 

2.48 0.18 
3.08 0.23 

2.40 0.18 
2.08 0.16 
1.53 0.11 
2.43 0.18 
1.59 0.12 
3.79 0.01 
4.12 0.12 

3.79 0.06 
3.69 0.07 

3.84 0.16 

2.97 0.03 

1.77 0.01 
2.86 0.06 

1.85 0.14 

1.74 0.13 
1.59 0.12 

1.71 0.13 

2.42 0.18 

2.41 0.18 

3.81 0.1X 
2.99 0.04 

2.72 0.08 

2.77 0.05 

2.91 0.05 

2.82 0.21 
2.76 0.21 
2.36 0.18 

2.79 0.21 
3.17 0.24 

2.92 0.22 


3.75 0.03 3.18 

3.81 0.01 3.30 

3.86 0.01 2.97 

3.72 0.02 3.54 

3.78 0.03 3.42 

3.57 0.00 3.13 

3.70 0.15 1.35 

3.90 0.16 2.55 

4.54 0.18 1.42 

3.77 0.15 1.27 

4.70 0.19 1.79 

5.02 0.20 1.85 

4.70 0.19 1.03 

4.93 0.20 0.97 

5.11 0.20 1.02 

4.86 0.19 1.49 

4.50 0.18 1.47 

2.84 0.11 12.08 

4.28 0.17 1.78 

3.97 0.56 1.54 

3.68 0.15 1.56 

4.71 0.19 2.38 

3.90 0.16 1.67 

4.20 0.06 2.25 

3.98 0.06 3.03 

3.87 0.03 2.85 

3.85 0.02 2.46 

3.93 0.02 2.42 

3.94 0.01 2.23 

3.92 0.08 1.42 

3.67 0.02 2.72 

3.38 0.14 2.30 

3.17 0.13 2.95 

3.06 0.12 2.53 

3.04 0.12 2.85 

3.80 0.15 1.69 

3.48 0.14 2.18 

3.83 0.04 2.27 

3.78 0.02 3.22 

3.70 0.06 3.00 

3.69 0.02 2.95 

3.61 0.06 3.31 

3.56 0.14 3.74 

3.39 0.14 2.25 

3.88 0.16 2.12 

3.56 0.14 2.27 

3.73 0.15 1.87 

3.57 0.14 2.17 


0.02 2.86 0.05 
0.01 2.81 0.02 
0.03 2.83 0.07 
0.04 2.81 0.08 
0.03 2.85 0.04 
0.03 2.83 0.05 
0.05 3.55 0.18 
0.10 3.06 0.16 
0.06 2.45 0.12 
0.05 2.80 0.14 
0.07 3.18 0.16 
0.07 3.69 0.19 
0.04 2.00 0.10 
0.04 1.71 0.09 
0.04 1.57 0.08 
0.06 3.02 0.15 
0.06 3.43 0.17 
0.48 3.77 0.19 
0.07 2.74 0.14 
0.03 3.40 0.34 
0.06 3.40 0.17 
0.10 3.16 0.16 
0.07 3.11 0.16 
0.05 2.89 0.02 
0.05 2.68 0.03 
0.01 2.86 0.03 
0.01 2.90 0.05 
0.01 2.90 0.04 
0.02 3.35 0.05 
0.03 2.41 0.06 
0.01 3.03 0.08 
0.09 2.45 0.12 
0.12 2.32 0.12 
0.10 2.43 0.12 
0.11 2.30 0.12 
0.07 2.75 0.14 
0.09 2.67 0.14 
0.01 2.92 0.01 
0.02 2.66 0.03 
0.05 2.57 0.04 
0.02 2.76 0.01 
0.06 2.66 0.05 
0.15 2.66 0.13 
0.09 2.73 0.14 
0.08 2.85 0.14 
0.09 2.47 0.13 
0.07 2.83 0.14 
0.09 2.74 0.14 


0.29 0.01 0.54 0.01 

0.31 0.02 0.52 0.03 

0.27 0.02 0.44 0.02 

0.30 0.00 0.55 0.01 

0.31 0.00 0.54 0.01 

0.32 0.01 0.50 0.04 

0.56 0.16 0.90 0.13 

0.30 0.08 0.71 0.10 

0.34 0.09 0.59 0.08 

0.40 0.11 0.61 0.09 

0.40 0.11 0.88 0.13 

0.43 0.12 0.80 0.11 

0.41 0.11 0.65 0.09 

0.25 0.07 0.59 0.08 

0.17 0.05 0.48 0.07 

0.26 0.07 0.53 0.08 

0.43 0.12 0.83 0.12 

0.38 0.11 1.05 0.15 

0.34 0.09 0.55 0.08 

0.62 0.14 0.88 0.13 

0.49 0.14 1.04 0.15 

0.33 0.09 0.72 0.10 

0.34 0.09 0.67 0.10 

0.27 0.02 0.50 0.03 

0.34 0.00 0.55 0.01 

0.30 0.01 0.57 0.02 

0.31 0.01 0.58 0.01 

0.35 0.01 0.68 0.15 

0.34 0.02 0.89 0.02 

0.29 0.04 0.77 0.03 

0.32 0.01 0.91 0.02 

0.33 0.09 0.45 0.06 

0.17 0.05 0.43 0.06 

0.06 0.02 0.31 0.04 

0.29 0.08 0.43 0.06 

0.22 0.06 0.57 0.08 

0.17 0.05 0.53 0.07 

0.32 0.01 0.72 0.14 

0.31 0.02 0.88 0.02 

0.35 0.04 0.95 0.01 

0.33 0.02 0.90 0.02 

0.29 0.02 0.89 0.00 

0.29 0.08 0.89 0.13 

0.27 0.07 0.45 0.06 

0.27 0.08 0.45 0.06 

0.21 0.06 0.38 0.05 

0.46 0.13 0.52 0.07 

0.27 0.07 0.55 0.08 
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FLD23 Host - 4.86 0.46 75.39 3.19 11.68 0.59 

FLD23 FLD23.1.1 - 4.42 0.13 76.79 3.25 14.07 0.71 

FLD23 Host - 5.09 0.16 76.35 3.23 13.24 0.66 

FLD23 FLD23.1.2.1 - 4.43 0.14 76.40 3.23 13.97 0.70 

FLD23 FLD23.1.2.2 - 4.43 0.14 75.36 3.19 13.97 0.70 

FLD23 FLD23.1.3.1 - 4.00 0.12 75.82 3.21 14.18 0.71 

FLD23 FLD23.1.3.2 - 4.51 0.14 77.42 3.27 14.20 0.71 

FLD23 Host - 4.39 0.13 75.31 3.19 13.68 0.69 

FLD23 FLD23.2.2 - 4.28 0.14 73.98 3.13 13.47 0.68 

FLD23 Host - 4.70 0.14 73.20 3.10 13.30 0.67 

FLD23 FLD23.L - 3.79 0.08 75.23 1.17 13.27 0.32 

FLD23 FLD23.L X 4.33 0.11 76.55 1.05 12.68 0.31 

FLD4.3 FLD43.1 - 9.87 0.77 75.48 0.46 12.02 0.07 

FLD4.3 FLD43.2 X 9.76 0.31 78.40 0.95 10.18 0.14 

FLD4.3 FLD43.3 - 10.54 0.33 78.60 0.88 10.11 0.14 

FLD4.3 FLD43.3 X 8.50 0.25 77.83 1.36 11.46 0.35 

FLD4.3 Host - 7.18 0.31 71.72 0.34 13.96 0.08 

FLD4.3 FLD43.5 X 8.13 0.38 72.48 0.74 14.77 0.28 

U1A Host - 3.85 0.06 73.24 1.27 14.10 0.29 

U1A Host - 3.08 0.05 72.53 0.17 14.11 0.40 

U1A Host - 3.52 0.07 73.10 0.85 14.39 0.19 

U1B Host - 7.34 0.09 74.12 1.78 13.58 0.57 

U1B Host - 7.17 0.09 71.43 0.48 14.24 0.02 

U1B U1B.L - 8.03 0.42 68.77 2.91 14.81 0.74 

U1B U1B.2 - 6.80 0.41 71.31 2.91 12.61 0.74 

U1B U1B.L - 8.43 0.22 72.49 0.42 15.52 0.10 

U1B U1B.L X 8.21 0.27 73.70 1.12 12.93 0.17 

U1B Host - 6.28 0.09 73.38 0.68 15.17 0.05 

U1B Host - 7.25 0.10 73.50 0.88 14.33 0.23 

U2 Host - 5.97 0.06 76.69 3.24 13.92 0.70 

U2 Host - 5.42 0.05 76.77 3.25 13.00 0.65 

U2 Host - 3.84 0.05 72.84 3.08 12.57 0.63 

U2 Host - 2.63 0.03 75.52 3.19 13.80 0.69 

U2 Host - 2.18 0.08 75.44 3.19 13.43 0.67 

U2 Host - 4.60 0.04 71.36 3.02 13.82 0.69 

U2 Host - 1.22 0.01 78.39 3.32 14.08 0.71 

U2 Host - 0.17 0.00 77.29 3.27 13.93 0.70 

U2 Host - 2.34 0.04 73.49 3.11 12.50 0.63 

U2 Host - 3.89 0.04 73.43 3.11 12.80 0.64 

U2 Host - 5.72 0.05 75.60 3.20 12.93 0.65 

U2 Host - 0.75 0.01 75.24 3.18 13.57 0.68 

U2 Host - 1.16 0.02 76.41 3.23 13.72 0.69 

U2 Host - 3.01 0.02 73.59 3.11 13.48 0.68 

U2 Host - 3.34 0.03 72.42 3.06 13.39 0.67 

U2 Host - 0.19 0.00 77.86 3.29 14.28 0.72 

U2 Host - 0.30 0.00 77.72 3.29 14.43 0.72 

U2 Host - 0.05 0.00 77.09 3.26 14.46 0.73 

U2 Host - 0.03 0.00 80.15 3.39 13.28 0.67 


2.76 0.21 3.68 0.15 2.06 0.08 2.33 0.12 0.21 0.06 0.46 0.07 

1.99 0.15 3.55 0.14 2.54 0.10 2.41 0.12 0.32 0.09 0.42 0.06 

2.91 0.22 3.62 0.14 1.89 0.08 2.37 0.12 0.26 0.07 0.44 0.06 

1.45 0.11 3.66 0.15 2.44 0.10 2.53 0.13 0.19 0.05 0.43 0.06 

1.60 0.12 3.60 0.14 2.25 0.09 2.67 0.14 0.29 0.08 0.47 0.07 

1.69 0.13 3.94 0.16 2.33 0.09 3.06 0.16 0.30 0.08 0.38 0.05 

1.54 0.12 3.67 0.15 1.94 0.08 2.52 0.13 0.44 0.12 0.43 0.06 

2.23 0.17 3.68 0.15 2.09 0.08 2.76 0.14 0.35 0.10 0.48 0.07 

2.74 0.20 3.34 0.13 2.17 0.09 2.63 0.13 0.42 0.11 0.38 0.05 

2.83 0.21 3.84 0.15 2.19 0.09 2.72 0.14 0.33 0.09 0.47 0.07 

3.95 0.02 3.53 0.05 2.98 0.04 2.95 0.05 0.32 0.01 0.68 0.15 

4.07 0.05 3.65 0.04 2.63 0.01 2.87 0.04 0.30 0.00 0.65 0.16 

1.97 0.05 3.84 0.03 1.00 0.02 3.20 0.07 0.37 0.04 0.48 0.01 

1.83 0.04 3.46 0.04 1.20 0.02 2.81 0.05 0.30 0.01 0.47 0.01 

1.85 0.08 3.55 0.02 1.06 0.01 2.85 0.07 0.27 0.02 0.43 0.01 

1.84 0.03 3.63 0.02 1.27 0.01 3.05 0.04 0.31 0.00 0.65 0.15 

3.54 0.11 3.95 0.01 1.85 0.01 3.43 0.06 0.40 0.02 0.71 0.01 

3.81 0.11 3.89 0.00 2.00 0.02 3.19 0.02 0.48 0.03 0.96 0.15 

3.56 0.05 3.41 0.02 1.91 0.15 2.86 0.13 0.29 0.01 0.80 0.03 

1.56 0.26 3.43 0.05 1.94 0.04 2.83 0.03 0.30 0.01 0.77 0.03 

1.61 O.li 3.51 0.08 1.75 0.07 3.03 0.08 0.35 0.02 0.82 0.04 

1.22 0.06 3.46 0.07 1.31 0.08 2.93 0.07 0.28 0.01 0.48 0.02 

1.33 0.06 3.47 0.02 1.90 0.04 2.84 0.08 0.40 0.01 0.48 0.06 

2.67 0.21 3.67 0.15 1.69 0.09 3.17 0.14 0.52 0.07 0.76 0.09 

4.14 0.21 4.91 0.15 1.06 0.09 2.52 0.14 0.25 0.07 0.46 0.09 

2.25 0.06 3.38 0.01 1.46 0.02 3.37 0.05 0.46 0.01 1.11 0.02 

2.17 0.06 3.47 0.01 1.44 0.02 3.27 0.05 0.38 0.01 0.64 0.01 

2.83 0.17 3.66 0.05 1.32 0.00 3.51 0.10 0.34 0.01 0.56 0.01 

2.56 0.16 3.50 0.04 1.37 0.02 3.36 0.04 0.36 0.03 0.57 0.02 

3.91 0.29 4.64 0.19 1.12 0.04 1.88 0.10 0.16 0.04 0.37 0.05 

3.95 0.29 4.88 0.20 0.82 0.03 1.64 0.08 0.15 0.04 0.31 0.04 

3.03 0.23 4.03 0.16 1.92 0.08 2.85 0.14 0.35 0.10 0.55 0.08 

3.68 0.27 4.21 0.17 1.69 0.07 2.47 0.13 0.32 0.09 0.56 0.08 

3.30 0.25 4.41 0.18 1.35 0.05 2.13 0.11 0.15 0.04 0.44 0.06 

3.46 0.26 4.01 0.16 2.05 0.08 2.93 0.15 0.33 0.09 0.68 0.10 

3.16 0.24 4.66 0.19 1.29 0.05 1.81 0.09 0.30 0.08 0.30 0.04 

3.79 0.28 5.32 0.21 0.32 0.01 0.92 0.05 0.15 0.04 0.04 0.01 

3.38 0.25 4.53 0.18 1.43 0.06 2.17 0.11 0.27 0.07 0.40 0.06 

3.55 0.26 4.42 0.18 1.78 0.07 2.42 0.12 0.26 0.07 0.45 0.06 

3.66 0.27 4.37 0.17 1.72 0.07 3.27 0.17 0.38 0.10 0.75 0.11 

4.00 0.30 4.83 0.19 0.92 0.04 1.41 0.07 0.23 0.06 0.27 0.04 

4.07 0.30 4.88 0.20 0.93 0.04 1.28 0.06 0.12 0.03 0.25 0.04 

3.66 0.27 4.42 0.18 1.56 0.06 2.40 0.12 0.34 0.09 0.47 0.07 

3.71 0.28 4.38 0.18 2.01 0.08 2.82 0.14 0.32 0.09 0.55 0.08 

4.11 0.31 5.27 0.21 0.32 0.01 1.14 0.06 0.18 0.05 0.13 0.02 

4.04 0.30 5.22 0.21 0.27 0.01 1.00 0.05 0.12 0.03 0.09 0.01 

4.09 0.30 5.55 0.22 0.25 0.01 0.97 0.05 0.27 0.08 0.10 0.01 

3.87 0.29 4.98 0.20 0.07 0.00 0.79 0.04 0.17 0.05 0.05 0.01 
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Host 


U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U2 

U3 


U3 Host 

U3 Host 


U3 

U3 


Host 

Host 


U3 

US 



X 

X 


U3 Host 

U3 Host 


0.29 0.00 75.81 3.21 13.24 0.66 3.72 0.28 5.16 

5.13 0.04 72.09 3.05 12.81 0.64 3.47 0.26 4.47 

1.04 0.03 76.21 3.22 13.61 0.68 3.54 0.26 4.57 

2.34 0.02 75.63 3.20 12.48 0.63 3.33 0.25 4.33 

2.39 0.04 77.33 0.45 12.33 0.07 3.20 0.06 4.13 

4.47 0.05 73.62 3.11 13.42 0.67 3.37 0.25 4.05 

5.13 0.04 73.91 3.13 13.49 0.68 3.49 0.26 4.17 

5.23 0.04 70.85 3.00 13.63 0.68 3.69 0.28 4.39 

3.19 0.03 72.56 3.07 13.58 0.68 2.99 0.22 4.24 

3.09 0.02 75.36 3.19 12.33 0.62 3.16 0.24 4.39 

1.58 0.02 77.35 3.27 13.09 0.66 3.14 0.23 4.64 

2.60 0.08 75.86 3.21 13.16 0.66 3.41 0.25 4.65 

2.95 0.03 76.56 3.24 12.14 0.61 3.30 0.25 4.42 

0.61 0.01 78.03 0.66 14.24 0.11 3.96 0.03 5.16 

3.37 0.04 75.24 3.18 11.07 0.56 3.23 0.24 3.93 

2.12 0.03 74.71 0.92 13.59 0.37 3.57 0.31 5.19 

4.69 0.18 72.90 1.89 13.28 0.19 3.79 0.30 4.57 

5.01 0.14 71.60 0.61 13.78 0.15 3.46 0.16 4.29 

2.71 0.13 74.70 2.17 12.93 0.50 3.89 0.14 4.94 

0.32 0.02 76.67 1.04 13.86 0.48 4.10 0.32 5.55 

3.76 0.15 74.12 1.37 12.93 0.49 3.22 0.15 4.29 

0.35 0.01 75.85 0.94 13.47 0.46 3.87 0.16 5.54 

2.85 0.10 74.10 0.23 13.49 0.10 3.28 0.14 4.32 

2.85 0.10 73.22 1.24 13.40 0.33 3.36 0.12 4.29 

2.83 0.12 74.33 1.35 13.91 0.23 3.45 0.11 4.80 

4.13 0.18 73.67 1.16 13.26 0.15 3.65 0.04 4.87 

1.47 0.09 77.24 0.54 14.13 0.23 3.90 0.15 5.50 

4.71 0.14 75.22 1.88 12.77 0.29 3.47 0.04 4.44 

3.74 0.15 74.48 1.30 13.09 0.56 3.25 0.05 4.72 

3.24 0.08 72.14 1.04 13.18 0.20 2.67 0.06 3.69 

2.18 0.03 72.74 1.13 13.15 0.18 2.68 0.02 3.68 

3.12 0.04 72.09 0.41 12.96 0.13 2.67 0.07 3.65 

3.77 0.05 72.99 0.77 13.10 0.14 2.77 0.09 3.66 

3.84 0.04 72.95 1.08 13.28 0.36 2.72 0.07 3.64 

3.90 0.05 73.60 0.19 12.85 0.05 2.44 0.06 3.62 

1.13 0.01 71.66 0.32 12.93 0.04 2.80 0.05 3.96 

2.05 0.02 71.88 1.19 13.21 0.25 2.68 0.08 3.90 

2.92 0.03 70.65 0.35 14.07 0.08 3.42 0.09 4.14 

4.03 0.04 71.96 1.21 13.64 0.24 2.82 0.08 3.90 

4.58 0.04 71.87 0.45 12.60 0.06 3.10 0.10 3.72 

5.71 0.07 75.77 0.69 12.30 0.17 2.48 0.08 3.76 

4.71 0.06 73.01 0.84 12.44 0.12 2.50 0.07 3.78 

3.83 0.04 71.85 0.51 13.85 0.07 2.74 0.03 3.93 

2.52 0.03 71.04 0.38 14.01 0.10 2.68 0.09 3.86 

3.21 0.03 69.81 0.24 13.44 0.11 2.79 0.05 3.86 

4.63 0.05 70.74 0.44 14.03 0.04 2.76 0.05 3.97 

4.52 0.05 73.74 0.50 13.68 0.14 2.24 0.08 3.69 

1.10 0.02 73.82 0.69 13.21 0.11 2.43 0.07 3.92 


0.21 0.42 0.02 1.32 0.07 0.17 0.05 0.09 0.01 

0.18 2.30 0.09 2.91 0.15 0.40 0.11 0.59 0.08 

0.18 0.98 0.04 1.32 0.07 0.27 0.07 0.24 0.03 

0.17 1.50 0.06 2.22 0.11 0.29 0.08 0.48 0.07 

0.02 1.32 0.05 2.12 0.02 0.29 0.03 0.49 0.04 

0.16 2.06 0.08 2.71 0.14 0.31 0.09 0.69 0.10 

0.17 1.70 0.07 3.13 0.16 0.31 0.09 0.66 0.09 

0.18 1.72 0.07 2.99 0.15 0.36 0.10 0.67 0.10 

0.17 2.18 0.09 2.64 0.13 0.33 0.09 0.65 0.09 

0.18 1.70 0.07 2.49 0.13 0.29 0.08 0.48 0.07 

0.19 1.16 0.05 1.88 0.10 0.18 0.05 0.34 0.05 

0.19 1.54 0.06 2.17 0.11 0.30 0.08 0.41 0.06 

0.18 1.53 0.06 2.31 0.12 0.33 0.09 0.46 0.06 

0.05 0.53 0.03 1.21 0.01 0.20 0.03 0.16 0.03 

0.16 1.78 0.07 2.59 0.13 0.26 0.07 0.55 0.08 

0.09 1.04 0.31 1.53 0.16 0.22 0.03 0.30 0.06 

0.03 1.99 0.14 2.89 0.18 0.36 0.05 0.73 0.07 

0.05 2.00 0.03 2.93 0.03 0.37 0.03 0.70 0.02 

0.09 1.42 0.22 2.02 0.44 0.27 0.02 0.46 0.15 

0.24 0.35 0.06 0.99 0.13 0.15 0.03 0.07 0.02 

0.05 1.61 0.11 2.93 0.15 0.33 0.03 0.63 0.03 

0.18 0.52 0.28 1.28 0.30 0.18 0.00 0.18 0.12 

0.04 1.68 0.04 2.52 0.22 0.35 0.02 0.60 0.05 

0.06 1.70 0.05 2.80 0.27 0.34 0.01 0.62 0.05 

0.10 1.27 0.21 1.93 0.28 0.28 0.06 0.43 0.07 

0.22 1.42 0.42 2.13 0.54 0.31 0.03 0.40 0.15 

0.13 0.43 0.13 1.12 0.16 0.17 0.04 0.19 0.07 

0.04 1.82 0.24 2.42 0.20 0.28 0.04 0.51 0.05 

0.13 1.73 0.34 2.11 0.46 0.26 0.06 0.43 0.12 

0.03 2.87 0.01 2.92 0.04 0.35 0.02 0.79 0.01 

0.13 2.58 0.07 2.85 0.03 0.30 0.01 0.81 0.02 

0.02 2.75 0.02 2.84 0.03 0.33 0.01 0.71 0.13 

0.05 2.85 0.02 2.77 0.00 0.30 0.01 0.76 0.02 

0.04 2.93 0.12 2.85 0.03 0.33 0.01 0.73 0.15 

0.03 3.05 0.04 2.86 0.01 0.32 0.04 0.74 0.01 

0.00 3.33 0.02 3.64 0.00 0.49 0.03 0.90 0.01 

0.04 3.54 0.03 4.15 0.07 0.51 0.02 0.86 0.04 

0.04 2.49 0.02 2.95 0.02 0.34 0.01 0.77 0.02 

0.08 2.55 0.04 3.03 0.06 0.37 0.02 0.79 0.03 

0.05 3.00 0.03 2.71 0.04 0.31 0.00 0.80 0.00 

0.03 2.94 0.01 2.86 0.01 0.31 0.02 0.76 0.02 

0.01 2.56 0.02 2.88 0.05 0.30 0.01 0.71 0.01 

0.01 2.42 0.04 2.99 0.02 0.32 0.03 0.81 0.01 

0.02 3.16 0.01 2.99 0.03 0.38 0.04 0.91 0.01 

0.07 3.16 0.06 2.95 0.08 0.32 0.01 0.91 0.01 

0.10 2.64 0.05 3.06 0.03 0.39 0.01 0.89 0.00 

0.02 2.61 0.03 2.87 0.03 0.35 0.01 0.81 0.02 

0.03 2.30 0.03 2.94 0.03 0.31 0.03 0.73 0.02 
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U3 Host 

U3 Host 

U3 Host 

U3 Host 

U3 Host 

U3 U3.5 X 

U3 Host 

U3 Host 

U3 U3.1 

U3 U3.2 

U3 Host 

U3 Host 

U3 Host 

U3 Host 

U3 Host 

U3 Host 

U3 Host 

U3 Host 

U3 Host 

U3 Host 

U3 Host 

U3 Host 

U3 Host 

U3 Host 

U3 Host 

U4 U4.1 

U4 Host 

U4 Host 

U4 U4.3 

U4 U4.3 

U4 Host 

U4 Host 

U4 U4.2 

U4 Host 

U4 Host 

U4 U4.1 

U4 U4.1 

U4 U4.1 

U4 Host 

U4 Host 

U4 Host 

U4 Host 

U4 U4.2 

U4 U4.1 

U4 U4.1 

U4 U4.1 

U4 Host 

U4 Host 


0.52 0.01 74.62 0.79 
4.12 0.04 73.94 1.28 
4.03 0.04 71.86 0.46 

5.32 0.05 73.42 0.23 
6.57 0.06 74.45 0.83 
4.41 0.05 75.94 1.68 

5.15 0.05 72.16 1.09 

5.45 0.11 57.92 1.37 

4.90 0.11 74.20 1.05 

4.47 0.11 75.58 0.27 

4.48 0.12 72.10 1.04 
3.08 0.06 74.02 1.49 
0.41 0.03 73.82 1.61 

1.15 0.03 73.55 0.77 
0.24 0.01 72.32 1.09 
0.90 0.06 73.73 0.86 
4.39 0.12 72.33 0.58 
2.63 0.08 71.15 0.66 
3.04 0.08 71.68 1.77 

4.28 0.10 73.25 1.50 
3.97 0.11 73.03 1.25 

1.91 0.08 75.71 3.81 

3.16 0.09 73.20 0.68 
4.09 0.10 73.30 0.53 

4.32 0.10 73.85 0.38 

5.89 0.14 73.91 1.16 

5.10 0.12 73.52 0.96 
5.43 0.12 71.21 2.35 
5.86 0.13 75.53 1.40 

5.16 0.14 74.56 1.73 
4.67 0.10 72.43 1.97 
3.05 0.08 69.01 2.02 
5.85 0.15 74.96 2.37 

2.46 0.07 71.94 0.71 

2.11 0.05 74.06 1.15 
6.24 0.12 73.96 2.58 
5.71 0.11 72.28 2.60 
6.09 0.11 74.25 1.17 

1.90 0.05 69.41 2.72 

3.92 0.08 68.16 1.68 

2.96 0.06 70.23 1.73 
2.94 0.06 72.22 0.77 
4.32 0.12 74.10 1.54 

5.97 0.30 75.20 3.18 
6.60 0.33 73.39 3.10 
6.36 0.32 73.61 3.11 
3.02 0.15 75.10 3.18 

3.28 0.16 75.49 3.19 


13.12 0.29 
13.28 0.25 

13.32 0.09 

14.23 0.20 

13.56 0.41 

12.64 0.36 

14.24 0.23 
7.87 0.26 

13.97 0.63 
13.41 0.41 

13.35 0.28 

13.36 0.37 

13.12 0.33 
13.14 0.57 

13.64 0.29 

13.31 0.53 
13.27 0.09 

12.65 0.12 
13.55 0.67 
13.60 0.33 

13.19 0.30 

12.46 1.16 

13.23 0.61 
13.92 0.44 
12.86 0.10 

13.73 0.35 
13.81 0.35 

13.33 0.28 
12.85 0.18 

12.91 0.11 

13.74 0.27 

14.98 0.39 

12.57 0.50 

15.20 0.17 

14.21 0.18 

13.75 0.15 
13.69 0.59 
13.62 0.31 

14.91 0.42 

15.31 0.46 

15.33 0.30 

15.13 0.22 
12.78 0.24 

13.24 0.66 
12.96 0.65 

13.47 0.68 
13.67 0.69 
13.75 0.69 


2.46 0.05 
2.36 0.02 

2.50 0.02 
2.83 0.04 
2.70 0.12 
2.93 0.09 

3.31 0.08 
2.05 0.14 
2.36 0.10 
2.42 0.12 

2.85 0.16 
2.80 0.08 
2.92 0.11 
2.92 0.16 
3.08 0.03 
3.19 0.15 
3.10 0.06 
3.14 0.05 

3.50 0.20 
2.90 0.09 
2.90 0.20 
2.73 0.19 

2.36 0.12 
2.55 0.06 
2.45 0.09 
2.57 0.11 

3.30 0.10 
3.16 0.03 

3.22 0.03 

2.86 0.09 
2.88 0.09 
2.83 0.08 

3.24 0.17 
3.14 0.05 
2.41 0.06 

2.50 0.04 

2.22 0.12 

1.87 0.10 
2.52 0.14 
2.63 0.11 
2.83 0.07 
3.12 0.08 
2.83 0.06 

2.25 0.17 
2.25 0.17 

2.32 0.17 

2.30 0.17 

2.37 0.18 


3.95 0.07 2.08 

3.79 0.09 2.58 

3.92 0.05 2.34 

4.05 0.05 1.43 

3.99 0.03 1.38 

3.72 0.03 2.83 

3.94 0.06 2.31 

1.26 0.09 25.04 

3.28 0.09 3.28 

3.71 0.04 2.60 

3.72 0.03 3.17 

3.77 0.06 2.36 

3.89 0.11 2.34 

3.92 0.04 2.42 

4.02 0.12 2.56 

4.06 0.05 2.56 

3.68 0.09 2.95 

3.89 0.05 3.20 

4.04 0.14 2.33 

3.68 0.07 2.68 

3.62 0.04 2.89 

3.79 0.12 2.03 

3.77 0.07 2.89 

3.52 0.13 3.30 

3.74 0.06 2.55 

3.35 0.03 2.37 

3.83 0.04 1.88 

3.84 0.09 1.92 

3.55 0.03 2.25 

3.44 0.05 2.41 

3.46 0.03 2.84 

3.40 0.03 3.52 

3.73 0.14 1.88 

3.47 0.09 3.40 

2.90 0.03 3.05 

3.33 0.04 2.31 

3.26 0.04 2.37 

3.14 0.10 2.39 

3.28 0.05 3.55 

3.29 0.09 3.74 

3.34 0.09 3.66 

3.50 0.07 3.19 

3.39 0.05 2.62 

3.11 0.12 2.31 

3.15 0.13 2.36 

3.05 0.12 2.50 

3.10 0.12 2.73 

3.09 0.12 2.54 


0.09 2.73 0.06 
0.07 2.75 0.02 
0.04 2.94 0.02 
0.03 2.53 0.03 
0.02 2.82 0.04 
0.03 2.85 0.04 
0.03 2.90 0.08 
0.99 3.55 0.06 
0.18 3.00 0.03 
0.06 3.14 0.08 
0.12 2.84 0.08 
0.09 3.03 0.06 
0.16 3.11 0.15 
0.16 3.13 0.08 
0.08 3.27 0.02 
0.15 3.02 0.07 
0.26 2.70 0.15 
0.05 3.85 0.37 
0.36 2.90 0.17 
0.29 3.12 0.02 
0.12 2.87 0.05 
0.59 2.95 0.45 
0.17 2.93 0.14 
0.32 2.86 0.09 
0.09 2.90 0.05 
0.06 2.99 0.08 
0.05 3.13 0.09 
0.05 3.22 0.14 
0.07 2.76 0.01 
0.09 2.83 0.04 
0.23 2.86 0.08 
0.01 3.00 0.02 
0.19 2.88 0.39 
0.13 2.88 0.09 
0.10 2.95 0.04 
0.11 2.89 0.04 
0.06 2.96 0.02 
0.09 2.82 0.09 
0.14 2.89 0.08 
0.11 2.91 0.11 
0.05 2.85 0.05 
0.22 2.95 0.10 
0.19 2.77 0.15 
0.09 2.67 0.14 
0.09 2.76 0.14 
0.10 2.83 0.14 
0.11 2.77 0.14 
0.10 2.73 0.14 


0.25 0.01 0.80 0.03 

0.33 0.02 0.78 0.03 

0.32 0.01 0.81 0.02 

0.27 0.01 0.77 0.01 

0.40 0.03 0.88 0.03 

0.32 0.02 0.80 0.04 

0.41 0.02 0.91 0.04 

0.20 0.03 1.05 0.02 

0.30 0.03 0.72 0.03 

0.27 0.04 0.72 0.02 

0.29 0.05 0.66 0.01 

0.31 0.04 0.70 0.02 

0.31 0.02 0.64 0.05 

0.26 0.04 0.77 0.14 

0.32 0.01 0.91 0.08 

0.33 0.01 0.77 0.08 

0.23 0.04 0.61 0.06 

0.41 0.05 0.74 0.03 

0.29 0.02 0.68 0.03 

0.33 0.02 0.72 0.02 

0.26 0.06 0.69 0.02 

0.25 0.07 0.52 0.16 

0.28 0.02 0.69 0.04 

0.27 0.01 0.77 0.05 

0.28 0.03 0.67 0.02 

0.26 0.05 0.64 0.05 

0.32 0.02 0.70 0.01 

0.29 0.05 0.65 0.03 

0.26 0.04 0.56 0.02 

0.29 0.01 0.52 0.02 

0.28 0.02 0.66 0.03 

0.32 0.02 0.63 0.03 

0.27 0.05 0.49 0.03 

0.29 0.01 0.66 0.04 

0.24 0.03 0.56 0.02 

0.27 0.06 0.65 0.01 

0.33 0.02 0.61 0.03 

0.30 0.02 0.61 0.04 

0.31 0.03 0.61 0.03 

0.27 0.06 0.62 0.01 

0.29 0.07 0.62 0.03 

0.34 0.02 0.66 0.02 

0.27 0.05 0.57 0.03 

0.36 0.10 0.46 0.07 

0.25 0.07 0.40 0.06 

0.28 0.08 0.46 0.07 

0.36 0.10 0.44 0.06 

0.31 0.09 0.47 0.07 
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U4 Host 

U4 Host 

U4 Host 

U4 Host 

U4 Host 

U4 Host 


3.20 0.16 72.19 
3.23 0.16 72.54 
2.64 0.13 74.69 
2.82 0.14 73.08 
2.13 0.11 74.69 
2.34 0.12 77.02 


3.05 13.09 0.66 

3.07 13.21 0.66 

3.16 13.72 0.69 

3.09 13.36 0.67 

3.16 13.36 0.67 

3.26 13.44 0.67 


2.18 0.16 3.15 
2.27 0.17 3.21 
2.36 0.18 3.19 
2.17 0.16 3.18 

2.19 0.16 3.13 
2.34 0.17 3.10 


0.13 2.50 0.10 

0.13 2.56 0.10 

0.13 2.55 0.10 

0.13 2.40 0.10 

0.13 2.40 0.10 

0.12 2.26 0.09 


2.82 0.14 0.31 

2.66 0.13 0.35 

2.78 0.14 0.32 

2.80 0.14 0.38 

2.66 0.14 0.31 

2.57 0.13 0.30 


0.09 0.40 0.06 

0.10 0.44 0.06 

0.09 0.41 0.06 

0.11 0.50 0.07 

0.09 0.46 0.07 

0.08 0.53 0.08 


APPENDIX G. COMBINED MAJOR ELEMENT U ISOTOPE ANALYSES 


















477 


Appendix H 
PCA 


H.l The PCA model 

As discussed in Section 6.2, the PCA model is generated using the grid-based EDS analyses 
across 37 hosts (n = 3, 698). Prior to generating the model, the data (tabulated in Appendix 
B) are imputed, mean centered, and scaled so each major element oxide has a variance of 1. 
The variance explained by each PC is tabulated in Appendix 6.5. 

Table H.l: Means subtracted from each major element oxide and scaling factors so each major element oxide 
has unit variance prior to generating the PCA model. 


Mean (wt.%) Scaling Factor 


Si0 2 

73.77 

4.12 

A1 2 0 3 

13.59 

2.16 

Na 2 0 

3.26 

0.70 

k 2 o 

3.80 

0.70 

CaO 

2.12 

0.99 

FeO 

2.77 

0.76 

Ti0 2 

0.32 

0.17 

MgO 

0.60 

0.26 


H.2 Deviations between EDS only and combined 
EDS/SIMS datasets 
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Table H.2: Loadings of the principal components. Although the loadings for all PCs are listed, only the first 
5 are retained. 



PCI 

PC2 

PC3 

PC4 

PC5 

PC6 

PC7 

PC8 

Si0 2 

-0.506 

0.032 

-0.138 

0.136 

-0.139 

0.235 

0.073 

0.791 

A1 2 0 3 

0.438 

-0.071 

0.397 

-0.382 

-0.074 

-0.383 

0.327 

0.490 

Na 2 0 

0.332 

-0.445 

-0.098 

0.516 

0.078 

0.306 

0.562 

-0.004 

k 2 o 

0.333 

-0.496 

0.087 

-0.087 

-0.094 

0.355 

-0.672 

0.204 

CaO 

0.147 

0.488 

0.504 

0.166 

0.519 

0.416 

-0.064 

0.107 

FeO 

0.366 

0.217 

-0.493 

0.371 

0.306 

-0.433 

-0.276 

0.284 

Ti0 2 

0.305 

0.284 

-0.545 

-0.532 

-0.002 

0.457 

0.190 

0.027 

MgO 

0.285 

0.430 

0.111 

0.335 

-0.773 

0.089 

-0.058 

-0.030 



Table H.3: Percent deviation of the composition of each major element oxide from EDS rasters collected around SIMS craters relative to 
the EDS rasters collected across entire objects in a grid-based pattern. Na20 is excluded, as discussed in Chapter 5 

Deviation of composition from EDS rasters collected around SIMS craters 
from compositions of EDS rasters collected across entire objects (%) 


EDS U/EDS Equiv. 

Sample Object Count Count d (pm) Si02 1 a AI2O3 lcr K2O lcr CaO lcr FeO la Ti02 lcr MgO la 


J A£ ; C ' Hcfet ' TSf 7 

AG. D Host 127 

AH. E Host 55 

AA.B B1 43 

AA.B B2 4 

AE.C Cl 12 

AE.C C2 14 

AG. D D2 19 

AH. E El 9 

FLD10 Host 343 

FLD10 FLD10.L 30 

FLD14 Host 89 

FLD14 FLD14.1 7 

FLD14 FLD14.L 75 

FLD15 Host 144 

FLD16 Host 75 

FLD17 Host 39 

FLD17 FLD17.int.2 6 

FLD18 Host 90 

FLD18 FLD18.1 5 

FLD18 FLD18.2 28 

FLD20 Host 105 

FLD23 Host 47 

FLD23 FLD23.1.1 3 

FLD23 FLD23.1.2 3 

FLD23 FLD23.1.3 3 

FLD23 FLD23.2.2 4 

FLD23 FLD23.3.1 4 

FLD23 FLD23.3.2 2 

FLD23 FLD23.4.1 5 

FLD23 FLD23.4.2 6 

FLD23 FLD23.5.1 4 

FLD23 FLD23.L 8 

FLD4.3 Host 55 

FLD4.3 FLD4.3.2 3 

FLD4.3 FLD4.3.3 3 

U1A Host 60 

U1B Host 60 


1 2224 

1 2410 

1 2298 

1 384 

1 70 

1 200 

1 207 

1 283 

1 178 

5 4404 

2 1089 

10 2886 

1 157 

2 856 

15 2452 

18 2155 

2 2352 

1 111 

10 1824 

1 60 

1 124 

5 2287 

4 1926 

1 46 

2 47 

2 47 

1 31 

1 40 

1 17 

1 42 

1 43 

1 60 

1 498 

1 1470 

1 41 

1 53 

3 1584 

8 1339 


-1.7 -7.4 
-5.9 -6.9 
1.0 2.8 
0.1 2.2 
-0.2 -2.4 
0.1 2.1 
1.1 1.1 
-5.3 -9.4 
-3.6 -3.2 
-2.3 -12.9 
2.0 2.9 
-1.1 -2.8 
3.0 2.8 
2.0 2.7 
-1.7 -2.5 
-1.8 -10.3 
-0.5 -3.6 
-3.4 -2.1 
-0.8 -7.2 

3.1 1.8 
4.3 2.8 

2.2 7.9 
0.1 12.0 
1.9 5.5 
0.1 1.6 
0.2 4.7 

-2.9 -5.7 
-3.3 -5.2 
-1.0 -5.4 
-2.5 -4.9 
-3.1 -5.1 
-0.1 -4.9 
2.6 2.2 
0.0 3.8 
0.5 2.3 
-0.2 -1.7 
0.2 3.8 
-1.1 -7.6 


-15.7 -20.9 

7.4 20.7 
-28.9 -9.2 
-11.8 -5.7 

-4.1 -4.5 
-22.8 -6.3 
-20.5 -7.7 
13.3 29.2 
-1.5 -4.0 

8.8 33.0 
-1.1 -2.8 
-5.0 -6.0 
-4.7 -2.4 
-9.7 -10.5 
-2.1 -5.3 

4.4 23.4 
-3.1 -12.9 

7.1 5.7 

1.2 15.0 
-3.3 -7.3 
-2.2 -4.3 

3.8 22.5 
13.2 36.6 

0.2 6.0 

0.0 1.7 

0.9 2.0 

-4.9 -7.4 
-4.9 -6.3 
-5.1 -9.4 
-5.5 -5.3 
-1.0 -8.8 
-1.3 -6.7 

2.4 5.0 
-0.8 -11.6 
-2.4 -6.2 
-2.0 -5.1 

5.3 8.5 

2.8 18.3 


20.6 17.4 

22.5 21.7 

37.2 5.6 

21.1 7.7 

9.1 2.5 
20.0 13.2 

41.5 11.0 
23.9 27.9 

25.7 12.5 
-1.5 -30.2 
-1.0 -4.6 

5.4 7.6 
-9.0 -3.3 

12.8 8.3 

0.3 4.9 

8.0 23.7 

2.1 14.1 

7.5 2.4 
-9.6 -21.7 

3.0 7.7 

1.7 6.5 
-2.6 -19.5 

4.7 28.2 
-4.3 -5.0 
-3.9 -3.2 

1.6 8.6 
-11.1 -4.3 

-9.2 -4.8 
-2.9 -5.3 
-6.8 -7.6 
-6.5 -5.4 
-5.8 -5.5 

5.1 8.0 
-1.4 -5.2 
-3.0 -2.8 
-1.6 -2.6 

2.0 8.8 
3.4 13.1 


41.1 60.4 
-3.2 -38.3 

-16.6 -41.0 
-29.7 -14.8 

9.7 13.1 

1.3 13.2 
-53.3 -9.2 
-10.1 -37.9 

17.0 21.8 
67.7 124.7 

10.2 12.1 
-18.7 -21.2 

13.3 7.9 
-0.5 -18.9 

4.7 17.2 

35.4 181.5 
0.1 29.4 

55.5 7.7 
1.9 42.9 

-18.8 -6.6 
-16.8 -22.8 
7.2 33.7 
7.0 42.7 
-1.5 -8.1 
2.5 12.6 
-1.4 -26.3 
-8.5 -9.2 

-2.4 -9.9 
-5.5 -16.1 

1.4 7.6 
-13.8 -13.9 

-9.0 -11.2 
0.2 11.5 

9.1 37.2 
-5.3 -9.0 

5.4 8.8 
0.7 21.5 

4.2 33.4 


12.8 19.6 

21.3 26.4 
-23.3 -7.5 
-15.2 -8.2 
-22.2 -5.6 

4.7 7.8 
-10.0 -7.2 

21.4 28.7 
-7.4 -10.3 
12.0 77.0 

7.0 4.6 

6.2 10.4 

16.5 4.1 
0.5 10.0 

2.8 6.0 

1.1 38.1 

6.7 12.5 
-0.8 -4.0 
-0.7 -29.3 

3.0 2.3 

-8.0 -11.7 
-0.4 -20.7 
6.9 37.8 
-8.7 -6.9 
-4.5 -5.9 

2.2 19.2 

-3.0 -7.1 
0.9 5.4 

5.2 7.1 
-5.5 -5.1 

5.3 8.9 

6.2 8.4 

13.2 4.2 

10.3 10.5 

2.3 4.7 

3.2 6.2 

0.8 11.0 

5.8 19.9 


-24.3 -45.9 
-2.8 -30.9 
-37.4 -21.8 

1.6 24.3 

5.7 27.2 
-12.5 -21.5 
-16.5 -25.0 

11.6 38.1 
-5.3 -16.4 
15.4 189.4 

2.7 16.4 

31.8 36.0 

1.8 16.8 
-10.4 -18.1 

0.5 16.5 
3.9 60.9 

11.6 39.8 

15.8 9.1 
-12.0 -70.6 

2.7 7.5 
-10.9 -18.7 

-4.1 -33.2 

7.7 55.5 
-5.5 -21.4 

-27.7 -32.3 

9.1 38.6 
22.0 24.9 

-18.7 -27.2 
-10.2 -18.1 
-33.1 -25.9 

43.6 25.9 
-9.7 -29.2 

12.6 8.3 

5.7 25.8 

2.2 6.6 
-5.1 -19.1 

1.2 23.0 
0.1 29.4 


39.6 47.4 
-12.2 -31.3 
-61.0 -27.8 
-31.9 -11.5 
-49.2 -15.4 
-14.4 -9.6 
-32.7 -13.3 

8.7 30.3 

70.0 122.8 
20.1 8.7 

-12.6 -20.0 
-15.7 -28.2 
-33.5 -21.4 
-4.1 -16.6 

15.7 50.9 

-3.5 -38.8 
-1.1 -7.4 

-22.9 -52.4 
1.5 43.6 
9.9 25.7 
32.3 21.3 
-7.9 -33.7 
-27.6 -14.4 
-22.7 -8.6 
-34.1 -11.7 
-37.7 -17.6 
-27.8 -13.4 
-23.3 -19.8 
-37.4 -13.2 
-16.1 -21.6 
-2.4 -23.3 
23.9 31.7 
-13.6 -27.8 
-1.9 -5.0 

2.8 8.6 
73.5 19.8 

-11.3 -24.6 
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U1B U1B.2 9 1 84 -2.3 -5.9 3.4 

U1B U1B.L 25 2 195 -1.1 -6.7 -2.7 

U2 Host 67 48 1539 2.3 5.7 1.4 

U3 Host 72 39 2369 -1.4 -6.3 -0.5 

U3 U3.1 7 1 134 1.2 4.0 1.1 

U3 U3.2 6 1 191 1.4 2.3 3.9 

U4 Host 74 18 2230 1.5 5.4 -2.1 

U4 U4.1 13 8 553 -1.3 -3.4 -2.6 

U4 U4.2 7 2 335 1.3 2.4 -1.3 

U4 U4.3 29 2 465 -1.8 -2.8 -5.0 


18.2 7.3 11.4 -0.1 -34.5 -9.4 -25.8 -20.5 -28.3 0.9 27.0 

-7.2 -2.5 -8.4 -1.9 -18.5 0.4 9.7 1.9 19.0 11.9 37.5 

12.0 1.8 18.2 -7.1 -96.1 -5.1 -67.5 -4.5 -63.1 -13.6 -89.9 

-12.7 -0.0 -16.6 16.6 153.4 3.0 20.8 -3.0 -34.2 9.3 28.9 

9.6 1.0 5.6 -0.9 -12.0 2.9 4.8 -3.6 -19.6 12.0 19.9 

8.5 -0.1 -1.9 -1.1 -5.0 4.0 7.9 -6.2 -31.4 16.5 22.0 

-12.5 -6.9 -12.9 -3.3 -48.3 -0.6 -10.9 -9.5 -23.4 -12.0 -23.7 

-5.0 -2.1 -6.8 1.0 7.0 -2.5 -7.3 6.7 32.4 -16.0 -22.8 

-2.9 9.1 9.7 -17.6 -22.6 6.4 8.5 -4.5 -21.5 30.4 23.5 

-2.8 3.8 7.6 -7.4 -12.7 3.0 4.5 -0.1 -15.9 -29.6 -10.2 
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Appendix I 

MDS and Euclidean Distance Data 


1.1 MDS plots 


Table 1.1: MDS coordinates of the EDS grid data set of hosts and EDS measurements of agglomerates where 
each object’s composition is determined by its median composition (derived from data in Appendices B and 
C and excluding MgO, as discussed in the text). The resulting MDS plot is shown in Figure 7.4. Each 
coordinate pair refers to the mean coordinates from 500 non-metric MDS models of 500 randomly-generated 
UP matrices (Fig. 7.3). Uncertainties to refer to 2 standard deviation about these values. 


Attachment 

Type Sample Agglomerate Location MDS1 1 <t MDS2 la 


Agglomerate AA.B 
Agglomerate AA.B 
Agglomerate AA.B 
Agglomerate AE.C 
Agglomerate AE.C 
Agglomerate AE.C 
Agglomerate AE.C 
Agglomerate AG.D 
Agglomerate AG.D 
Agglomerate AH.E 
Agglomerate AH.E 
Agglomerate FLD10 
Agglomerate FLD14 
Agglomerate FLD14 
Agglomerate FLD17 
Agglomerate FLD17 
Agglomerate FLD17 
Agglomerate FLD17 
Agglomerate FLD17 
Agglomerate FLD18 
Agglomerate FLD18 
Agglomerate FLD18 
Agglomerate FLD18 
Agglomerate FLD21 
Agglomerate FLD21 
Agglomerate FLD23 
Agglomerate FLD23 
Agglomerate FLD23 
Agglomerate FLD23 
Agglomerate FLD23 
Agglomerate FLD23 


B1 Exterior 

B2 Surface 

B3 Exterior 

Cl Exterior 

C2 Exterior 

C3 Exterior 

C4 Exterior 

D1 Exterior 

D2 Exterior 

El Exterior 

E2 Exterior 

FLD10.L Exterior 

FLD14.1 Surface 

FLD14.L Exterior 

FLD17.1 Exterior 

FLD17.2 Surface 

FLD17.int.l Interior 

FLD17.int.2 Interior 

FLD17.tail Exterior 

FLD18.1 Exterior 

FLD18.2 Interior 

FLD18.3 Interior 

FLD18.4 Surface 

FLD21.1 Surface 

FLD21.L Surface 

FLD23.1.1 Surface 

FLD23.1.2 Surface 

FLD23.1.3 Surface 

FLD23.2.1 Surface 

FLD23.2.2 Surface 

FLD23.3.1 Surface 


-0.53 0.05 
-0.72 0.17 
-0.66 0.05 
-0.83 0.10 
-0.26 0.09 
-2.36 0.21 
-1.33 0.14 
-0.99 0.11 
-0.25 0.07 
-1.11 0.13 
-0.10 0.08 
-0.10 0.04 
-0.35 0.14 
0.03 0.05 
-0.25 0.09 
-0.02 0.06 
-0.20 0.10 
0.18 0.13 
-0.44 0.10 
0.07 0.10 
0.72 0.10 
0.33 0.07 
0.02 0.05 
0.19 0.09 
0.54 0.13 
1.05 0.18 
0.96 0.16 
0.83 0.16 
1.17 0.17 
0.79 0.14 
0.41 0.11 


-0.41 0.06 
-0.56 0.14 
-0.38 0.06 
-0.07 0.07 
-0.55 0.10 
0.13 0.13 
0.10 0.10 
0.34 0.08 
0.21 0.07 
0.66 0.10 
-0.11 0.07 
-0.02 0.04 
-0.73 0.12 
-0.65 0.04 
-0.21 0.08 
-0.48 0.06 
0.01 0.06 
-0.63 0.11 
-0.32 0.08 
-0.35 0.08 
0.29 0.06 
-0.14 0.06 
-0.22 0.04 
-0.55 0.06 
-1.15 0.12 
-0.16 0.13 
0.01 0.11 
0.05 0.10 
-0.05 0.14 
-0.02 0.09 
-0.05 0.08 
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Agglomerate FLD23 
Agglomerate FLD23 
Agglomerate FLD23 
Agglomerate FLD23 
Agglomerate FLD23 
Agglomerate FLD4.3 
Agglomerate FLD4.3 
Agglomerate FLD4.3 
Agglomerate FLD4.3 
Agglomerate FLD4.3 
Agglomerate FLD4.3 
Agglomerate FLD4.4 
Agglomerate FLD4.4 
Agglomerate U1B 
Agglomerate U1B 
Agglomerate U3 
Agglomerate U3 
Agglomerate U3 
Agglomerate U3 
Agglomerate U3 
Agglomerate U4 
Agglomerate U4 
Agglomerate U4 
Agglomerate U4 
Agglomerate U4 
Agglomerate U4 
Agglomerate U4 
Host AA.B 

Host AE.C 

Host AG.D 

Host AH.E 

Host CC 

Host CD 

Host FLD10 

Host FLD11 

Host FLD12 

Host FLD13 

Host FLD14 

Host FLD15 

Host FLD16 

Host FLD17 

Host FLD18 

Host FLD20 

Host FLD21 

Host FLD23 

Host FLD25 

Host FLD3.1 

Host FLD3.2 

Host FLD3.3 

Host FLD4.1 

Host FLD4.2 

Host FLD4.3 

Host FLD4.4 

Host FLD5.1 

Host FLD5.2 

Host FLD5.3 

Host FLD5.4 

Host FLD5.5 

Host FLD9 

Host U1A 

Host U1B 

Host U2 


FLD23.3.2 Surface 

FLD23.4.1 Surface 

FLD23.4.2 Surface 

FLD23.5.1 Surface 

FLD23.L Exterior 

FLD4.3.1 Interior 

FLD4.3.2 Interior 

FLD4.3.3 Interior 

FLD4.3.4 Surface 

FLD4.3.5 Interior 

FLD4.3.UA Surface 

FLD4.4.1 Surface 

FLD4.4.2 Surface 

U1B.2 Surface 

U1B.L Interior 

U3.1 Surface 

U3.2 Surface 

U3.3 Surface 

U3.4 Surface 

U3.5 Surface 

U4.1 Surface 

U4.2 Interior 

U4.3 Surface 

U4.4 Surface 

U4.5 Surface 

U4.6 Surface 

U4.7 Surface 


0.26 0.15 
0.09 0.11 
-0.10 0.09 
0.03 0.12 
0.72 0.11 
1.12 0.22 
1.24 0.21 
1.10 0.24 
0.16 0.13 
0.35 0.18 
1.26 0.15 
1.66 0.13 
1.44 0.13 
-1.31 0.16 
0.93 0.10 
0.63 0.12 
0.51 0.10 
-0.20 0.07 
-0.08 0.09 
-0.16 0.09 
0.58 0.10 
-0.04 0.12 
0.66 0.07 
0.29 0.09 
-0.33 0.10 
0.28 0.12 
0.42 0.07 
-0.59 0.04 
-0.75 0.06 
-0.02 0.02 
-0.40 0.06 
-0.26 0.03 
-0.08 0.03 
-0.85 0.08 
-0.17 0.03 
-0.32 0.03 
0.04 0.05 
0.10 0.07 
-0.28 0.04 
-0.04 0.04 
-0.30 0.06 
-0.09 0.03 
-0.17 0.05 
-0.02 0.06 
0.35 0.05 
-2.53 0.17 
0.25 0.04 
0.43 0.15 
0.26 0.04 
0.15 0.03 
0.49 0.06 
-0.13 0.04 
0.45 0.05 
0.05 0.05 
-0.34 0.06 
-1.53 0.20 
-0.39 0.06 
-0.03 0.10 
-0.20 0.02 
-0.30 0.05 
-0.49 0.06 
-0.76 0.07 


-0.02 0.10 
-0.09 0.08 
-0.03 0.06 
-0.16 0.09 
-0.46 0.09 
1.24 0.14 
0.95 0.14 
1.35 0.15 
0.85 0.13 
0.78 0.19 
0.24 0.10 
-0.29 0.13 
-0.33 0.14 
1.05 0.12 
0.63 0.08 
-0.60 0.08 
-0.33 0.12 
-0.63 0.07 
-0.42 0.07 
-0.48 0.08 
-0.24 0.09 
-0.30 0.09 
-0.41 0.07 
-0.70 0.09 
-0.08 0.06 
-0.06 0.12 
-0.47 0.08 
-0.02 0.04 
0.46 0.05 
0.03 0.02 
0.64 0.06 
-0.01 0.03 
0.24 0.03 
0.83 0.07 
-0.31 0.03 
0.27 0.03 
-0.68 0.05 
-0.80 0.07 
-0.50 0.04 
0.42 0.04 
-0.20 0.04 
-0.20 0.03 
-0.55 0.04 
-0.73 0.05 
0.02 0.05 
-1.20 0.17 
0.35 0.04 
1.98 0.13 
0.24 0.03 
-0.16 0.02 
0.44 0.06 
0.31 0.04 
-0.12 0.04 
0.42 0.06 
0.53 0.06 
1.75 0.15 
0.44 0.06 
0.75 0.08 
0.10 0.02 
0.26 0.04 
0.58 0.05 
0.31 0.06 
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-0.32 0.03 
-0.37 0.03 

Table 1.2: MDS coordinates of the agglomerates and hosts characterized with both SIMS analyses and EDS 
rasters within/around the SIMS analysis craters. Each object’s composition is determined by its median 
composition (derived from data in Appendix G, excluding MgO, as discussed in the text). The resulting 
MDS plot is shown in the top left plot of Figure 7.6. Each coordinate pair refers to the mean coordinates 
from 500 non-metric MDS models of 500 randomly-generated UP matrices (Fig. 7.3). Uncertainties to refer 
to 2 standard deviation about these values. 

Type Sample Agglomerate MDS1 la MDS2 1<t 

Agglomerat 

e AA.B 

B1 

-0.60 0.40 

-0.68 


Agglomerat 

e AA.B 

B2 

1.73 0.41 

-1.33 

0.34 

Agglomerat 

e AE.C 

Cl 

-0.63 0.20 

-0.75 

0.18 

Agglomerat 

e AE.C 

C2 

-1.30 0.40 

-1.64 

0.23 

Agglomerat 

e AG.D 

D2 

-1.24 0.32 

0.81 

0.38 

Agglomerat 

e AH.E 

El 

-1.30 0.35 

-1.23 

0.22 

Agglomerat 

e FLD1C 

FLD10.L 

-0.16 0.06 

0.39 

0.12 

Agglomerat 

e FLD1- 

FLD14.1 

1.24 0.12 

0.06 

0.30 

Agglomerat 

e FLD1- 

FLD14.L 

1.30 0.09 

-0.19 

0.17 

Agglomerat 

e FLD1 

FLD17.int.l 

1.47 0.11 

0.44 

0.17 

Agglomerat 

e FLDlt 

FLD18.1 

1.00 0.18 

0.33 

0.19 

Agglomerat 

e FLDlt 

FLD18.2 

-1.26 0.14 

-0.38 

0.32 

Agglomerat 

e FLD2. 

FLD23.1.1 

0.81 0.27 

-0.18 

1.11 

Agglomerat 

e FLD2. 

FLD23.1.2 

0.41 0.19 

-1.17 

0.53 

Agglomerat 

e FLD2. 

FLD23.1.3 

0.01 0.18 

-0.10 

0.94 

Agglomerat 

e FLD2. 

FLD23.2.2 

0.48 0.25 

0.88 

1.00 

Agglomerat 

e FLD2. 

FLD23.3.1 

0.60 0.20 

-0.21 

0.68 

Agglomerat 

e FLD2. 

FLD23.3.2 

0.18 0.22 

-0.33 

0.56 

Agglomerat 

e FLD2. 

FLD23.4.1 

0.70 0.25 

-0.92 

0.73 

Agglomerat 

e FLD2. 

FLD23.4.2 

0.23 0.26 

1.24 

0.82 

Agglomerat 

e FLD2. 

FLD23.5.1 

0.69 0.23 

-0.18 

0.53 

Agglomerat 

e FLD2. 

FLD23.L 

1.39 0.25 

0.48 

0.21 

Agglomerat 

e FLD4 

3 FLD4.3.2 

-2.64 0.13 

0.19 

0.21 

Agglomerat 

e FLD4 

3 FLD4.3.3 

-3.24 0.16 

-0.05 

0.26 

Agglomerat 

e U1B 

U1B.2 

-1.10 0.34 

-1.31 

0.66 

Agglomerat 

e U1B 

U1B.L 

-1.20 0.17 

1.69 

0.23 

Agglomerat 

e U3 

U3.1 

0.96 0.17 

0.40 

0.30 

Agglomerat 

e U3 

U3.2 

0.74 0.15 

-0.14 

0.37 

Agglomerat 

e U4 

U4.1 

0.04 0.07 

0.24 

0.13 

Agglomerat 

e U4 

U4.2 

0.43 0.17 

-0.06 

0.30 

Agglomerate U4 

U4.3 

0.39 0.07 

0.07 

0.13 

Interface 

FLD1C 

FLD10.L 

-0.92 0.16 

0.55 

0.27 

Interface 

FLD1 

FLD17.int.l 

0.90 0.08 

0.27 

0.15 

Interface 

FLD2.. 

FLD23.L 

1.12 0.23 

0.35 

0.22 

Interface 

FLD4 

3 FLD4.3.1 

-3.05 0.19 

0.57 

0.25 

Interface 

FLD4 

3 FLD4.3.3 

-1.90 0.17 

0.23 

0.15 

Interface 

FLD4 

3 FLD4.3.5 

-0.49 0.24 

1.87 

0.25 

Interface 

U1B 

U1B.L 

-1.53 0.12 

0.79 

0.14 

Interface 

U3 

U3.3 

1.36 0.12 

0.58 

0.18 

Interface 

U3 

U3.4 

0.73 0.11 

0.47 

0.24 

Interface 

U3 

U3.5 

1.14 0.12 

0.47 

0.21 

Host 

AE.C 


-0.30 0.22 

-1.20 

0.48 

Host 

AG.D 


-1.21 0.39 

-0.28 

0.29 

Host 

AH.E 


-2.20 0.77 

-1.74 

0.31 

Host 

FLD1C 


-0.54 0.07 

0.40 

0.12 

Host 

FLDF 


0.48 0.07 

0.30 

0.08 

Host 

FLD|f 


1.34 0.08 

0.23 

0.14 
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Host FLD16 

Host FLD17 

Host FLD18 

Host FLD20 

Host FLD23 

Host FLD4.3 

Host U1A 

Host U1B 

Host U2 

Host U3 

Host U4 


-0.41 0.10 
0.69 0.11 
0.50 0.10 
1.48 0.13 
0.36 0.13 
-0.56 0.11 
0.49 0.13 
-1.38 0.12 
1.19 0.25 
1.04 0.07 
1.35 0.10 


0.26 0.27 
0.20 0.14 
-0.35 0.21 
0.48 0.22 
-0.23 0.28 
0.99 0.14 
-0.02 0.38 
0.38 0.18 
-1.45 0.25 
0.28 0.11 
0.03 0.22 


1.2 Euclidean distances and distance percentiles 


Table 1.3: Euclidean distances and distance percentiles of agglomerates from their host objects for the major 
element only data (as shown in Figure 7.8). Euclidean distances and distance percentiles correspond to 
mean values from 500 randomly generated UP matrices and the 2 u uncertainties correspond to 2 standard 
deviations about this mean value. 


Euclidean 


Sample Agglomerate Location Distance 


AA.B B1 
AA.B B2 
AA.B B3 
AE.C Cl 
AE.C C2 
AE.C C3 
AE.C C4 
AG.D D1 

AG. D D2 

AH. E El 

AH.E E2 
FLD10 FLD10.L 
FLD14 FLD14.1 
FLD14 FLD14.L 
FLD17 FLD17.1 
FLD17 FLD17.2 
FLD17 FLD17.int.l 
FLD17 FLD17.int.2 
FLD17 FLD17.tail 
FLD18 FLD18.1 
FLD18 FLD18.2 
FLD18 FLD18.3 
FLD18 FLD18.4 
FLD21 FLD21.1 
FLD21 FLD21.L 
FLD23 FLD23.1.1 
FLD23 FLD23.1.2 
FLD23 FLD23.1.3 
FLD23 FLD23.2.1 
FLD23 FLD23.2.2 
FLD23 FLD23.3.1 
FLD23 FLD23.3.2 
FLD23 FLD23.4.1 
FLD23 FLD23.4.2 
FLD23 FLD23.5.1 


Exterior 0.62 

Surface 0.91 

Exterior 0.55 

Exterior 0.76 

Exterior 1.49 

Exterior 1.91 

Exterior 0.97 

Exterior 1.31 

Exterior 0.55 

Exterior 1.07 

Exterior 1.05 

Exterior 1.44 

Surface 1.18 

Exterior 0.54 

Exterior 0.44 

Surface 0.62 

Interior 0.52 

Interior 0.96 

Exterior 0.47 

Exterior 0.49 

Interior 1.31 

Interior 0.75 

Surface 0.38 

Surface 0.54 

Surface 0.95 

Surface 0.96 

Surface 0.88 

Surface 0.79 

Surface 1.08 

Surface 0.72 

Surface 0.55 

Surface 0.48 

Surface 0.61 

Surface 0.69 

Surface 0.69 


2<t 

“009“ 

0.34 

0.08 

0.17 

0.19 

0.33 

0.28 

0.22 

0.18 

0.25 

0.17 

0.17 

0.25 

0.18 

0.21 

0.14 

0.23 

0.27 

0.26 

0.29 

0.22 

0.21 

0.14 

0.27 

0.21 

0.36 

0.34 

0.37 

0.38 

0.30 

0.26 

0.37 

0.25 

0.24 

0.28 


Distance 

Percentile 

TeT 

28.94 
2.88 

10.27 

49.46 
77.09 
20.57 

78.13 

15.13 

23.47 

21.95 
28.33 

43.48 
3.87 
5.07 

9.02 

46.83 

6.44 
14.07 

75.28 
37.00 

5.71 

7.29 

33.66 

36.61 

25.75 

19.46 

45.92 

13.78 

4.68 

4.44 

5.90 

10.29 

9.91 


2a 

4.10 

31.18 

2.77 

6.81 

10.10 

15.17 
12.31 

8.51 

15.14 

13.46 

7.18 
7.28 

17.52 

3.18 
10.96 

11.34 
14.76 

21.69 

13.69 
20.83 

9.53 

18.92 
7.97 

10.34 
16.04 

36.93 
34.04 
29.99 

37.17 
22.42 

9.65 

18.56 

10.87 

14.09 

17.39 
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FLD23 FLD23.L 
FLD4.3 FLD4.3.1 
FLD4.3 FLD4.3.2 
FLD4.3 FLD4.3.3 
FLD4.3 FLD4.3.4 
FLD4.3 FLD4.3.5 
FLD4.3 FLD4.3.UA 
FLD4.4 FLD4.4.1 
FLD4.4 FLD4.4.2 
U1B U1B.2 

U1B U1B.L 

U3 U3.1 

U3 U3.2 

U3 U3.3 

U3 U3.4 

U3 U3.5 

U4 U4.1 

U4 U4.2 

U4 U4.3 

U4 U4.4 

U4 U4.5 

U4 U4.6 

U4 U4.7 


Exterior 0.83 

Interior 1.89 

Interior 1.92 

Interior 2.05 

Surface 0.84 

Interior 1.03 

Surface 1.70 

Surface 1.50 

Surface 1.26 

Surface 1.45 

Interior 1.73 

Surface 0.93 

Surface 0.82 

Surface 0.58 

Surface 0.39 

Surface 0.49 

Surface 0.86 

Interior 0.65 

Surface 0.95 

Surface 0.65 

Surface 0.92 

Surface 0.71 

Surface 0.68 


0.19 20.74 19.11 

0.36 90.65 7.11 

0.36 91.08 6.33 

0.34 93.84 5.24 

0.31 25.50 24.58 

0.39 38.70 29.63 

0.31 85.69 10.05 

0.19 78.73 8.23 

0.20 64.16 15.51 

0.23 51.03 16.49 

0.20 70.74 9.74 

0.23 46.61 18.07 

0.29 35.93 23.50 

0.15 15.48 14.35 

0.20 4.57 9.92 

0.23 11.32 18.41 

0.23 36.55 19.47 

0.28 15.60 21.04 

0.17 45.54 13.57 

0.20 17.30 17.07 

0.23 43.42 19.02 

0.18 22.12 16.55 

0.19 19.26 17.33 


Table 1.4: Euclidean distances and distance percentiles of agglomerates from their host objects for the com¬ 
bined major element/U isotopic data (as shown in Figure 7.9). Euclidean distances and distance percentiles 
correspond to mean values from 500 randomly generated UP matrices and the 2cr uncertainties correspond 
to 2 standard deviations about this mean value. Measurements in FLD4.3.1, FLD4.3.5, U3.3, U3.4, U3.5 
consisted of single SIMS analyses that significantly sampled the host in addition to the interface and the 
agglomerate. While their Euclidean distances were calculated and are shown here, they are excluded from 
Figure 7.9 and distance percentile calculations to avoid biasing the dataset. 


AG. D D2 Exterior 

AH. E El Exterior 

FLD10 FLD10.L Exterior 

FLD14 FLD14.1 Surface 

FLD14 FLD14.L Exterior 

FLD17 FLD17.int.l Interior 

FLD18 FLD18.1 Exterior 

FLD18 FLD18.2 Interior 

FLD23 FLD23.1.1 Surface 

FLD23 FLD23.1.2 Surface 

FLD23 FLD23.1.3 Surface 

FLD23 FLD23.2.2 Surface 

FLD23 FLD23.3.1 Surface 

FLD23 FLD23.3.2 Surface 

FLD23 FLD23.4.1 Surface 

FLD23 FLD23.4.2 Surface 

FLD23 FLD23.5.1 Surface 

FLD23 FLD23.L Exterior 

FLD4.3 FLD4.3.1 Interior 

FLD4.3 FLD4.3.2 Interior 

FLD4.3 FLD4.3.3 Interior 

FLD4.3 FLD4.3.5 Interior 


1.47 0.66 16.48 27.33 

2.38 0.66 8.51 8.54 

0.52 0.21 2.13 0.19 

1.26 0.40 45.44 12.62 

1.37 0.29 48.23 10.05 

0.70 0.21 29.82 14.36 

1.07 0.47 14.36 15.23 

2.58 0.39 82.41 7.21 

1.36 0.86 32.12 40.83 

1.28 1.22 32.87 54.60 

1.10 0.76 18.24 35.44 

1.65 1.17 50.15 48.58 

1.27 1.02 26.93 42.02 

1.24 1.12 26.10 44.91 

1.57 1.81 38.06 65.06 

1.95 1.18 63.74 45.71 

1.18 1.02 25.74 47.50 

1.30 0.39 36.76 13.96 

2.39 0.32 N/A N/A 

2.21 0.21 51.54 17.77 

2.14 0.28 80.49 15.20 

1.42 0.50 N/A N/A 
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i 

IB 

U1B.2 

Surface 

2.30 

.33 

43.23 

43.87 


i 

IB 

U1B.L 

Interior 

1.44 

.35 

11.36 

12.12 


i 

3 

U3.1 

Surface 

1.08 

.31 

31.71 

17.49 


i 

3 

U3.2 

Surface 

1.20 

L.06 

30.58 

40.63 


i 

3 

U3.3 

Surface 

0.87 

).18 

N/A 

N/A 


i 

3 

U3.4 

Surface 

1.19 

ids' 

N/A 

N/A 


i 

J3 

U3.5 

Surface 

0.70 C 

).27 

N/A 

N/A 


1 

J4 

U4.1 

Surface 

1.68 C 

). 13 

47.49 

7.66 


i 

J4 

U4.2 

Interior 

1.64 C 

).63 

42.92 

18.27 


i 

J4 

U4.3 

Surface 

1.53 C 

).20 

1.2.20 

9.80 
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Appendix J 

Interface Scans using EDS Maps 


Interface scans conducted using quantified EDS compositional maps. Method and technique 
are discussed in Chapter 8. Plots are centered at x = 0 based either on the location of the 
interface peak, which is identified by the Si02 maximum (for Si interfaces) or FeO maximum 
for CaMgFe interfaces (or the CaO maximum when noted). 

jH|||g|r;| The peak points for Si interfaces are the points within 2 a of the Si02 maximum 
(shown with the shaded grey box outlined in blue). Similarly, the peak points for the 
CaMgFe interfaces are the points within 2cr of the FeO maximum (or the CaO maximum 
when noted). All traverses start in the agglomerate, traverse the interface, and 
end in the host (except the traverse across agglomerate B2, which starts in agglomerate 
B2 and ends in agglomerate B3). 


J.l Exterior Agglomerates 

Agglomerate B2 


Table J.l: Major element compositions (as wt.% oxides) from a line traverse across the interface of surface 
agglomerate B2 (from surface agglomerate B2 to exterior agglomerate B3) extracted from quantified EDS 
compositional maps. The EDS compositional maps were collected at a resolution of 3.9 pixels//iin. The 
smoothing width for this traverse was 75 pixels (19.0 /jm) wide. This is a CaMgFe interface and has been 
centered at x = 0 based on its FeO maximum. Peak points within 2cr of the FeO maximum are |Eigllligh|ed 
in yellowj. Uncertainties are 2SEOM. 


Position 

Pt. (|im) S1O2 2(7 AI2O3 2ct Na20 2(7 

1 -6.35 74.26 0.29 

2 -6.09 74.07 0.29 

3 -5.84 


4 -5.58 

5 -5.33 

6 -5.08 

7 -4.82 

8 -4.57 

9 -4.31 


74.22 0.29 
74.08 0.29 
74.04 0.29 
74.08 0.29 
74.19 0.29 
73.98 0.29 
74.04 0.29 


12.70 0.19 
12.90 0.19 
12.65 0.19 
12.54 0.19 
12.82 0.19 
12.69 0.19 
12.65 0.19 
12.47 0.19 
12.33 0.18 


3.19 0.13 

3.13 0.12 
3.18 0.13 

3.14 0.12 
3.09 0.12 
3.14 0.12 
3.10 0.12 
3.16 0.12 
3.16 0.12 


K 2 O 2(7 
4.50 0.12 
4.46 0.12 
4.58 0.12 
4.68 0.13 
4.46 0.12 
4.56 0.12 
4.45 0.12 
4.60 0.12 
4.60 0.12 


CaO 

2.17 
2.26 

2.18 

2.27 
2.19 
2.37 

2.28 
2.32 
2.41 


2(7 FeO 2(7 
0.11 2.34 0.17 

0.11 2.39 0.17 

0.11 2.34 0.17 

0.11 2.41 0.18 
0.11 2.44 0.18 

0.11 2.41 0.18 

0.11 2.42 0.18 

0.11 2.47 0.18 
0.12 2.56 0.19 


Ti02 2(7 
0.41 0.07 
0.39 0.06 
0.44 0.07 
0.43 0.07 
0.46 0.07 
0.35 0.06 
0.46 0.07 
0.52 0.08 
0.46 0.07 


MgO 2(7 
0.43 0.05 
0.40 0.05 
0.40 0.05 
0.45 0.06 
0.50 0.06 
0.40 0.05 
0.46 0.06 
0.48 0.06 
0.45 0.06 
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10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


74.30 0.29 
74.30 0.29 
74.15 0.29 
74.24 0.29 
74.61 0.30 

74.74 0.30 
74.54 0.30 
74.53 0.30 
74.49 0.30 
74.85 0.30 
74.39 0.29 
74.20 0.29 

74.75 0.30 
74.80 0.30 
74.88 0.30 


12.35 0.18 
12.41 0.18 
12.34 0.18 

12.51 0.19 
12.33 0.18 
12.18 0.18 
12.08 0.18 
11.85 0.18 
11.79 0.18 
11.76 0.17 
11.62 0.17 

11.52 0.17 
11.43 0.17 
11.40 0.17 
11.27 0.17 


3.01 0.12 
3.06 0.12 
2.98 0.12 
3.12 0.12 
3.04 0.12 
3.04 0.12 
3.07 0.12 
3.03 0.12 
2.92 0.12 
2.95 0.12 
2.98 0.12 
2.94 0.12 

2.87 0.11 
2.89 0.11 

2.88 0.11 


4.59 0.12 
4.54 0.12 
4.67 0.13 

4.44 0.12 
4.30 0.12 
4.35 0.12 
4.37 0.12 

4.45 0.12 
4.51 0.12 
4.32 0.12 
4.45 0.12 
4.58 0.12 
4.40 0.12 
4.21 0.11 
4.28 0.11 


2.45 0.12 
2.57 0.12 
2.60 0.13 
2.43 0.12 
2.43 0.12 
2.48 0.12 
2.65 0.13 
2.79 0.14 
2.68 0.13 
2.51 0.12 
2.78 0.13 
2.93 0.14 
2.87 0.14 
2.82 0.14 
3.04 0.15 


2.44 0.18 
2.36 0.17 

2.38 0.17 

2.42 0.18 

2.39 0.17 
2.38 0.17 
2.34 0.17 

2.43 0.18 
2.77 0.20 
2.66 0.20 
2.86 0.21 
2.89 0.21 
2.73 0.20 
2.92 0.21 
2.75 0.20 


0.44 0.07 
0.34 0.06 
0.40 0.06 
0.38 0.06 
0.47 0.08 
0.40 0.06 
0.50 0.08 
0.46 0.07 
0.41 0.07 
0.41 0.07 
0.43 0.07 
0.49 0.08 
0.45 0.07 
0.44 0.07 
0.41 0.07 


0.42 0.05 
0.43 0.05 
0.47 0.06 
0.47 0.06 
0.42 0.05 
0.42 0.05 
0.45 0.06 
0.45 0.06 
0.43 0.05 
0.54 0.07 
0.50 0.06 
0.46 0.06 
0.50 0.06 
0.51 0.06 
0.50 0.06 


26 0.00 74.99 0.30 10.89 0.16 2.89 0.11 4.21 0.11 2.82 0.14 3.24 0.24 0.45 0.07 0.50 0.06 

27 0.25 75.46 0.30 10.88 0.16 2.84 0.11 4.26 0.11 2.65 0.13 3.03 0.22 0.40 0.07 0.47 0.06 


28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 


62 

63 

64 

65 

66 
67 


70 


0.51 75.79 0.30 
0.76 75.99 0.30 
1.02 76.65 0.30 

1.27 76.81 0.30 
1.52 76.84 0.30 

1.78 76.64 0.30 
2.03 77.07 0.31 

2.28 77.19 0.31 

2.54 76.74 0.30 

2.79 76.67 0.30 
3.05 76.90 0.30 

3.30 76.77 0.30 

3.55 76.68 0.30 

3.81 76.71 0.30 
4.06 76.55 0.30 

4.31 76.02 0.30 

4.57 76.02 0.30 

4.82 76.31 0.30 
5.08 76.27 0.30 
5.33 75.88 0.30 

5.58 76.14 0.30 

5.84 75.56 0.30 
6.09 75.59 0.30 

6.35 75.90 0.30 

6.60 75.70 0.30 

6.85 75.88 0.30 

7.11 75.75 0.30 

7.36 75.91 0.30 

7.61 75.74 0.30 

7.87 75.36 0.30 

8.12 75.33 0.30 

8.38 75.13 0.30 

8.63 75.46 0.30 

8.88 75.47 0.30 
9.14 75.51 0.30 

9.39 75.48 0.30 

9.64 75.39 0.30 
9.90 75.37 0.30 

10.15 75.09 0.30 
10.41 75.13 0.30 
10.66 75.27 0.30 
10.91 75.19 0.30 
11.17 75.18 0.30 


10.81 0.16 

10.78 0.16 
10.46 0.16 

10.41 0.15 

10.43 0.15 
10.56 0.16 
10.45 0.16 

10.39 0.15 
10.82 0.16 
10.88 0.16 

10.91 0.16 

10.85 0.16 
11.00 0.16 
11.07 0.16 
11.08 0.16 
11.29 0.17 
11.15 0.17 

11.18 0.17 

11.40 0.17 

11.42 0.17 
11.36 0.17 
11.60 0.17 
11.60 0.17 
11.52 0.17 

11.67 0.17 
11.58 0.17 

11.44 0.17 
11.62 0.17 
11.60 0.17 

11.79 0.17 

11.83 0.18 

11.85 0.18 

11.68 0.17 
11.85 0.18 
11.85 0.18 

11.84 0.18 

11.91 0.18 
11.84 0.18 
11.82 0.18 
11.77 0.17 
11.72 0.17 

12.18 0.18 
12.00 0.18 


2.83 0.11 
2.78 0.11 
2.77 0.11 
2.80 0.11 
2.74 0.11 

2.77 0.11 

2.59 0.10 

2.60 0.10 
2.71 0.11 

2.78 0.11 

2.79 0.11 
2.79 0.11 
2.77 0.11 

2.79 0.11 

2.83 0.11 

2.92 0.12 

2.94 0.12 

2.80 0.11 
2.76 0.11 

2.84 0.11 

2.84 0.11 
3.03 0.12 

2.85 0.11 
2.71 0.11 

2.89 0.11 
2.88 0.11 

2.86 0.11 
2.87 0.11 
2.99 0.12 

2.95 0.12 

2.93 0.12 
2.92 0.12 

2.90 0.11 

2.92 0.12 
2.95 0.12 

2.91 0.12 

2.93 0.12 
2.95 0.12 
2.81 0.11 
2.85 0.11 
2.76 0.11 
2.81 0.11 
2.81 0.11 


4.17 0.11 

4.18 0.11 

4.12 0.11 

4.13 0.11 

4.35 0.12 
4.45 0.12 
4.51 0.12 

4.40 0.12 

4.47 0.12 
4.45 0.12 

4.45 0.12 

4.49 0.12 

4.53 0.12 
4.39 0.12 

4.48 0.12 
4.55 0.12 
4.58 0.12 

4.46 0.12 
4.28 0.12 
4.33 0.12 

4.47 0.12 

4.48 0.12 

4.50 0.12 

4.49 0.12 
4.39 0.12 

4.42 0.12 
4.47 0.12 

4.43 0.12 

4.36 0.12 

4.54 0.12 
4.47 0.12 
4.39 0.12 
4.49 0.12 
4.36 0.12 
4.38 0.12 
4.22 0.11 
4.36 0.12 
4.43 0.12 
4.46 0.12 

4.41 0.12 
4.53 0.12 
4.28 0.11 
4.41 0.12 


2.55 0.12 
2.57 0.12 
2.55 0.12 
2.44 0.12 
2.18 0.11 
2.24 0.11 
2.16 0.10 
2.22 0.11 
2.11 0.10 
2.02 0.10 
2.01 0.10 
2.05 0.10 
2.00 0.10 
2.00 0.10 
1.86 0.09 
2.05 0.10 
2.02 0.10 
1.98 0.10 
2.07 0.10 
2.09 0.10 
1.93 0.09 
2.03 0.10 
2.18 0.11 
2.06 0.10 
1.97 0.10 

1.96 0.09 
2.04 0.10 

1.97 0.10 
1.96 0.09 
2.07 0.10 
2.01 0.10 
2.12 0.10 
2.01 0.10 
2.09 0.10 
1.96 0.10 
2.11 0.10 
2.16 0.10 
2.06 0.10 
2.11 0.10 
2.16 0.10 
2.22 0.11 
2.03 0.10 
2.11 0.10 


2.94 0.22 
2.86 0.21 

2.51 0.18 

2.60 0.19 
2.58 0.19 
2.50 0.18 
2.45 0.18 
2.45 0.18 
2.32 0.17 
2.38 0.17 
2.20 0.16 
2.22 0.16 
2.18 0.16 
2.29 0.17 
2.41 0.18 
2.32 0.17 
2.40 0.18 

2.44 0.18 
2.37 0.17 
2.56 0.19 
2.53 0.19 
2.49 0.18 
2.47 0.18 

2.45 0.18 

2.52 0.18 

2.45 0.18 

2.61 0.19 

2.43 0.18 
2.47 0.18 

2.46 0.18 

2.53 0.19 
2.65 0.19 

2.56 0.19 
2.53 0.19 

2.57 0.19 

2.61 0.19 

2.44 0.18 
2.55 0.19 
2.71 0.20 
2.75 0.20 
2.77 0.20 

2.62 0.19 
2.53 0.19 


0.35 0.06 
0.27 0.04 
0.43 0.07 
0.33 0.05 
0.46 0.07 
0.39 0.06 
0.37 0.06 
0.36 0.06 
0.41 0.07 
0.40 0.06 
0.34 0.05 
0.36 0.06 
0.38 0.06 
0.34 0.06 
0.41 0.07 
0.44 0.07 
0.48 0.08 
0.37 0.06 
0.43 0.07 
0.43 0.07 
0.30 0.05 
0.36 0.06 
0.37 0.06 
0.45 0.07 
0.41 0.07 
0.37 0.06 
0.41 0.07 
0.36 0.06 
0.40 0.06 
0.37 0.06 
0.44 0.07 
0.43 0.07 
0.41 0.07 
0.36 0.06 
0.40 0.07 
0.38 0.06 
0.41 0.07 
0.39 0.06 
0.54 0.09 
0.50 0.08 
0.35 0.06 
0.39 0.06 
0.47 0.08 


0.56 0.07 
0.54 0.07 
0.51 0.06 
0.47 0.06 
0.44 0.05 
0.44 0.06 
0.39 0.05 
0.38 0.05 
0.41 0.05 
0.42 0.05 
0.40 0.05 
0.47 0.06 
0.45 0.06 
0.41 0.05 
0.38 0.05 
0.42 0.05 
0.41 0.05 
0.47 0.06 
0.41 0.05 
0.44 0.06 
0.42 0.05 
0.47 0.06 
0.44 0.06 
0.43 0.05 
0.45 0.06 
0.46 0.06 
0.42 0.05 
0.41 0.05 
0.48 0.06 
0.46 0.06 
0.46 0.06 
0.51 0.06 
0.48 0.06 
0.42 0.05 
0.38 0.05 
0.46 0.06 
0.40 0.05 
0.41 0.05 
0.46 0.06 
0.43 0.05 
0.37 0.05 
0.50 0.06 
0.48 0.06 
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Agglomerate Cl 


Table J.2: Major element compositions (as wt.% oxides) from a line traverse across the interface of exterior 
agglomerate Cl (from agglomerate Cl to host AE.C) extracted from quantified EDS compositional maps. 
The EDS compositional maps were collected at a resolution of 7.4 pixels//iin. The smoothing width for this 
traverse was 100 pixels (13.6 /im) wide. This is a CaMgFe interface and has been centered at x = 0 based 
on the FeO maximum. Peak points within 2cr of the FeO maximum are ^^jtlighted in yelloj. Uncertainties 
are 2SEOM. 


Position 

Pt. (fj.ni) Si02 2a AI2O3 

1 -10.75 71.67 0.20 ITiT 

2 -10.61 71.66 0.20 13.43 

3 -10.48 71.94 0.20 13.63 

4 -10.34 71.88 0.20 13.51 

5 -10.20 71.80 0.20 13.42 

6 -10.07 72.05 0.20 13.49 

7 -9.93 71.67 0.20 13.51 

8 -9.80 71.40 0.20 13.38 

9 -9.66 71.68 0.20 13.31 

10 -9.52 71.93 0.20 13.34 

11 -9.39 71.82 0.20 13.27 

12 -9.25 72.07 0.20 13.30 

13 -9.12 72.04 0.20 13.32 

14 -8.98 71.97 0.20 13.23 

15 -8.84 71.72 0.20 13.20 

16 -8.71 71.61 0.20 13.32 

17 -8.57 71.82 0.20 13.33 

18 -8.44 71.77 0.20 13.28 

19 -8.30 72.00 0.20 13.10 

20 -8.16 71.70 0.20 13.32 

21 -8.03 71.94 0.20 13.33 

22 -7.89 71.80 0.20 13.10 

23 -7.76 71.65 0.20 13.13 

24 -7.62 71.76 0.20 13.14 

25 -7.48 71.82 0.20 12.94 

26 -7.35 71.72 0.20 13.17 

27 -7.21 71.88 0.20 13.14 

28 -7.07 71.85 0.20 13.06 

29 -6.94 72.12 0.20 12.95 

30 -6.80 72.18 0.20 12.90 

31 -6.67 72.09 0.20 12.74 

32 -6.53 71.61 0.20 12.91 

33 -6.39 71.99 0.20 12.82 

34 -6.26 72.18 0.20 12.83 

35 -6.12 72.19 0.20 12.55 

36 -5.99 71.81 0.20 12.61 

37 -5.85 72.25 0.20 12.64 

38 -5.71 72.15 0.20 12.57 

39 -5.58 71.88 0.20 12.50 

40 -5.44 71.97 0.20 12.40 

41 -5.31 72.19 0.20 12.67 

42 -5.17 72.22 0.20 12.48 

43 -5.03 72.25 0.20 12.41 

44 -4.90 72.12 0.20 12.31 

45 -4.76 72.20 0.20 12.26 

46 -4.63 72.38 0.20 12.22 

47 -4.49 72.23 0.20 12.39 

48 -4.35 72.11 0.20 12.29 

49 -4.22 72.35 0.20 12.19 

50 -4.08 72.19 0.20 12.15 


2a 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.15 

0.16 

0.16 

0.16 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.14 

0.14 


Na 2 Q 

3.91 

3.93 

3.92 
3.89 
3.89 
3.84 

3.94 
4.00 
4.06 

3.94 

3.93 
3.83 
3.91 
3.98 

3.95 
3.97 

3.96 
4.00 
4.02 
4.02 

3.94 
4.12 
4.06 
4.17 
4.08 


4.07 

4.03 


4.11 


4.02 

4.17 

4.08 

4.12 

4.15 

4.16 

1.19 
4.11 

4.20 
4.35 

4.31 

4.32 
4.30 
4.42 
4.40 
4.44 


2 a K2O 2 a CaO 2 a FeO 2a Ti0 2 2 a MgO 2 a 


0.08 5.67 0.14 

0.08 5.68 0.14 

0.08 5.53 0.13 

0.08 5.56 0.13 

0.08 5.64 0.14 

0.08 5.59 0.13 

0.08 5.56 0.13 

0.08 5.67 0.14 

0.08 5.66 0.14 

0.08 5.63 0.14 

0.08 5.70 0.14 

0.08 5.60 0.13 

0.08 5.68 0.14 

0.08 5.76 0.14 

0.08 5.73 0.14 

0.08 5.73 0.14 

0.08 5.64 0.14 

0.08 5.71 0.14 

0.08 5.67 0.14 

0.08 5.70 0.14 

0.08 5.67 0.14 

0.08 5.69 0.14 

0.08 5.64 0.14 

0.08 5.64 0.14 

0.08 5.73 0.14 

0.08 5.68 0.14 

0.08 5.65 0.14 

0.08 5.67 0.14 

0.08 5.72 0.14 

0.08 5.78 0.14 

0.08 5.85 0.14 

0.08 5.80 0.14 

0.08 5.77 0.14 

0.08 5.60 0.13 

0.08 5.85 0.14 

0.08 5.87 0.14 

0.08 5.82 0.14 

0.08 5.83 0.14 

0.08 5.97 0.14 

0.08 5.98 0.14 

0.08 5.64 0.14 

0.08 5.81 0.14 

0.08 5.84 0.14 

0.09 5.85 0.14 

0.09 5.84 0.14 

0.09 5.81 0.14 

0.09 5.69 0.14 

0.09 5.75 0.14 

0.09 5.82 0.14 

0.09 5.90 0.14 


1.62 0.08 
1.65 0.08 

1.55 0.07 

1.58 0.07 

1.59 0.07 
1.52 0.07 
1.68 0.08 
1.74 0.08 

1.65 0.08 

1.60 0.08 
1.68 0.08 

1.56 0.07 
1.62 0.08 
1.68 0.08 
1.71 0.08 
1.69 0.08 

1.59 0.07 
1.67 0.08 

1.60 0.08 

1.63 0.08 

1.64 0.08 

1.69 0.08 
1.71 0.08 

1.58 0.07 

1.66 0.08 

1.64 0.08 
1.61 0.08 

1.59 0.07 

1.54 0.07 
1.61 0.08 

1.65 0.08 
1.76 0.08 

1.66 0.08 
1.63 0.08 
1.79 0.08 
1.79 0.08 

1.60 0.08 
1.62 0.08 

1.70 0.08 
1.78 0.08 
1.63 0.08 
1.66 0.08 
1.61 0.08 
1.69 0.08 
1.63 0.08 

1.55 0.07 

1.57 0.07 
1.67 0.08 

1.56 0.07 
1.60 0.08 


2.74 0.15 

2.75 0.15 
2.43 0.13 

2.57 0.14 
2.64 0.14 

2.62 0.14 
2.67 0.14 

2.83 0.15 

2.60 0.14 
2.54 0.14 

2.66 0.14 
2.72 0.14 
2.51 0.13 
2.50 0.13 

2.67 0.14 

2.54 0.14 
2.64 0.14 

2.61 0.14 

2.58 0.14 
2.64 0.14 

2.55 0.14 
2.66 0.14 
2.82 0.15 
2.71 0.14 

2.76 0.15 
2.81 0.15 
2.64 0.14 
2.75 0.15 

2.66 0.14 
2.57 0.14 
2.64 0.14 

2.74 0.15 
2.80 0.15 

2.71 0.14 

2.68 0.14 

2.75 0.15 

2.63 0.14 

2.72 0.15 
2.72 0.14 

2.75 0.15 

2.71 0.14 

2.67 0.14 

2.72 0.15 

2.73 0.15 

2.84 0.15 

2.76 0.15 
2.88 0.15 
2.75 0.15 
2.71 0.14 

2.77 0.15 


0.43 0.06 
0.43 0.06 
0.50 0.06 
0.45 0.06 
0.49 0.06 
0.38 0.05 
0.47 0.06 
0.47 0.06 
0.49 0.06 
0.49 0.06 
0.42 0.05 
0.41 0.05 
0.39 0.05 
0.42 0.05 
0.52 0.07 
0.55 0.07 
0.48 0.06 
0.45 0.06 
0.46 0.06 
0.42 0.05 
0.40 0.05 
0.44 0.06 
0.44 0.06 
0.42 0.05 
0.47 0.06 
0.45 0.06 
0.40 0.05 
0.39 0.05 
0.43 0.06 
0.41 0.05 
0.44 0.06 
0.49 0.06 
0.44 0.06 
0.45 0.06 
0.43 0.06 
0.47 0.06 
0.48 0.06 
0.45 0.06 
0.56 0.07 
0.49 0.06 
0.45 0.06 
0.49 0.06 
0.41 0.05 
0.37 0.05 
0.41 0.05 
0.44 0.06 
0.38 0.05 
0.45 0.06 
0.43 0.06 
0.44 0.06 


0.50 0.05 
0.47 0.05 
0.51 0.05 
0.56 0.05 
0.54 0.05 
0.51 0.05 
0.50 0.05 
0.51 0.05 
0.55 0.05 
0.54 0.05 
0.52 0.05 
0.52 0.05 
0.53 0.05 
0.46 0.05 
0.51 0.05 
0.60 0.06 
0.55 0.05 
0.50 0.05 
0.57 0.06 
0.57 0.06 
0.53 0.05 
0.50 0.05 
0.56 0.05 
0.59 0.06 
0.54 0.05 
0.56 0.06 
0.59 0.06 
0.62 0.06 
0.54 0.05 
0.48 0.05 
0.51 0.05 
0.58 0.06 
0.53 0.05 
0.52 0.05 
0.50 0.05 
0.52 0.05 
0.50 0.05 
0.53 0.05 
0.52 0.05 
0.48 0.05 
0.54 0.05 
0.55 0.05 
0.56 0.06 
0.58 0.06 
0.50 0.05 
0.52 0.05 
0.56 0.05 
0.55 0.05 
0.52 0.05 
0.52 0.05 
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51 

52 

53 

54 

55 

56 

57 

58 

59 


62 

63 

64 

65 

66 

67 

68 

70 

71 

72 

73 

74 

75 

76 

77 

78 

IBP" 

80 

81 

82 

83 

84 

85 

86 
87 


91 

92 


95 

96 

97 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 


-3.95 72.14 0.20 
-3.81 72.30 0.20 

-3.67 72.50 0.21 
-3.54 72.51 0.21 
-3.40 72.34 0.20 
-3.27 72.26 0.20 
-3.13 72.39 0.20 
-2.99 72.25 0.20 
-2.86 72.54 0.21 
-2.72 72.12 0.20 
-2.59 72.25 0.20 
-2.45 72.36 0.20 
-2.31 72.44 0.20 

-2.18 72.39 0.20 
-2.04 72.22 0.20 
-1.90 72.34 0.20 
-1.77 72.02 0.20 
-1.63 72.19 0.20 
-1.50 72.28 0.20 
-1.36 72.08 0.20 
-1.22 72.43 0.20 
-1.09 72.92 0.21 
-0.95 72.72 0.21 
-0.82 72.61 0.21 
-0.68 73.05 0.21 
-0.54 73.12 0.21 
-0.41 73.44 0.21 

-0.27 73.73 0.21 
-0.14 73.94 0.21 

0.00 74.27 0.21 
0.14 74.74 0.21 
0.27 74.87 0.21 
0.41 75.28 0.21 

0.54 75.32 0.21 
0.68 75.51 0.21 
0.82 75.74 0.21 
0.95 75.46 0.21 
1.09 75.54 0.21 

1.22 75.36 0.21 

1.36 75.54 0.21 
1.50 75.16 0.21 
1.63 75.09 0.21 
1.77 75.02 0.21 
1.90 75.03 0.21 
2.04 74.73 0.21 
2.18 74.97 0.21 
2.31 74.75 0.21 

2.45 74.75 0.21 
2.58 74.75 0.21 
2.72 74.51 0.21 
2.86 74.47 0.21 
2.99 74.11 0.21 
3.13 74.40 0.21 
3.27 74.16 0.21 
3.40 74.22 0.21 
3.54 74.00 0.21 
3.67 74.03 0.21 
3.81 74.11 0.21 

3.95 74.07 0.21 
4.08 74.17 0.21 

4.22 73.88 0.21 
4.35 73.84 0.21 


11.95 0.14 
12.12 0.14 
12.08 0.14 
12.15 0.14 
11.99 0.14 
11.79 0.14 

11.82 0.14 

11.83 0.14 
11.76 0.14 
11.61 0.14 

11.61 0.14 
11.59 0.14 
11.67 0.14 

11.38 0.14 
11.24 0.13 

11.29 0.13 

11.39 0.14 
11.43 0.14 
11.34 0.13 
11.04 0.13 
11.09 0.13 
10.90 0.13 
10.66 0.13 

10.61 0.13 

10.30 0.12 
9.84 0.12 
9.46 0.11 
8.82 0.10 
8.23 0.10 

7.95 0.09 

7.75 0.09 
7.92 0.09 
8.00 0.09 

8.19 0.10 

8.32 0.10 

8.52 0.10 
8.68 0.10 
8.57 0.10 
8.66 0.10 
8.81 0.10 
8.77 0.10 

8.72 0.10 
8.91 0.11 
8.81 0.10 
8.90 0.11 

8.76 0.10 

8.73 0.10 
9.02 0.11 
9.07 0.11 
9.05 0.11 
8.98 0.11 

9.14 0.11 

9.19 0.11 

9.15 0.11 
9.29 0.11 
9.44 0.11 

9.33 0.11 
9.28 0.11 
9.36 0.11 
9.41 0.11 
9.31 0.11 

9.53 0.11 


4.40 0.09 

4.33 0.09 
4.37 0.09 

4.43 0.09 
4.48 0.09 

4.41 0.09 

4.45 0.09 

4.63 0.09 

4.47 0.09 

4.51 0.09 
4.66 0.09 

4.64 0.09 

4.65 0.09 

4.76 0.10 
4.71 0.09 
4.74 0.10 

4.90 0.10 
4.98 0.10 
4.94 0.10 

4.94 0.10 
5.00 0.10 
4.82 0.10 

4.86 0.10 
5.02 0.10 
5.02 0.10 

4.95 0.10 
5.01 0.10 

4.96 0.10 
5.06 0.10 

4.95 0.10 
4.95 0.10 

4.87 0.10 
4.79 0.10 

4.77 0.10 
5.01 0.10 

4.91 0.10 
5.04 0.10 
4.98 0.10 
4.94 0.10 
5.09 0.10 

5.19 0.10 
5.13 0.10 
5.29 0.11 
5.21 0.10 

5.33 0.11 

5.20 0.10 
5.31 0.11 
5.35 0.11 

5.48 0.11 
5.40 0.11 

5.45 0.11 

5.49 0.11 

5.44 0.11 
5.47 0.11 
5.44 0.11 

5.53 0.11 

5.52 0.11 

5.42 0.11 
5.52 0.11 

5.43 0.11 
5.52 0.11 

5.54 0.11 


5.92 0.14 
5.87 0.14 
5.77 0.14 

5.76 0.14 

5.77 0.14 
6.08 0.15 
5.94 0.14 
5.81 0.14 
5.87 0.14 
6.12 0.15 
5.96 0.14 
6.04 0.15 
6.01 0.14 
5.94 0.14 
6.06 0.15 
6.08 0.15 
5.99 0.14 

5.87 0.14 
5.89 0.14 
6.01 0.14 

5.93 0.14 
5.84 0.14 
6.02 0.14 
5.81 0.14 

5.65 0.14 

5.71 0.14 
5.56 0.13 
5.53 0.13 
5.36 0.13 

5.18 0.12 
5.21 0.13 
5.32 0.13 

5.47 0.13 
5.49 0.13 
5.35 0.13 

5.48 0.13 
5.46 0.13 
5.53 0.13 
5.62 0.13 
5.45 0.13 

5.55 0.13 
5.74 0.14 

5.53 0.13 

5.56 0.13 
5.68 0.14 
5.79 0.14 

5.88 0.14 

5.54 0.13 
5.59 0.13 
5.59 0.13 
5.58 0.13 

5.66 0.14 

5.55 0.13 

5.78 0.14 

5.72 0.14 
5.68 0.14 
5.74 0.14 

5.73 0.14 

5.70 0.14 

5.79 0.14 
5.86 0.14 

5.71 0.14 


1.64 0.08 
1.62 0.08 
1.64 0.08 
1.54 0.07 
1.60 0.08 
1.60 0.08 

1.54 0.07 

1.63 0.08 
1.62 0.08 

1.64 0.08 
1.62 0.08 
1.62 0.08 
1.49 0.07 

1.57 0.07 

1.71 0.08 

1.64 0.08 

1.63 0.08 

1.58 0.07 
1.58 0.07 
1.69 0.08 
1.60 0.07 
1.66 0.08 

1.72 0.08 

1.86 0.09 

1.85 0.09 

1.98 0.09 

2.13 0.10 
2.22 0.10 
2.37 0.11 

2.48 0.12 

2.54 0.12 
2.42 0.11 

2.14 0.10 
2.11 0.10 

1.99 0.09 

1.87 0.09 
1.83 0.09 
1.87 0.09 

1.86 0.09 
1.67 0.08 
1.77 0.08 
1.76 0.08 
1.69 0.08 
1.69 0.08 

1.65 0.08 
1.75 0.08 
1.72 0.08 

1.66 0.08 

1.67 0.08 
1.71 0.08 

1.64 0.08 

1.64 0.08 

1.65 0.08 

1.55 0.07 
1.69 0.08 

1.68 0.08 

1.65 0.08 

1.66 0.08 
1.66 0.08 
1.62 0.08 
1.60 0.08 
1.65 0.08 


2.96 0.16 
2.85 0.15 

2.67 0.14 
2.66 0.14 

2.85 0.15 
2.94 0.16 

2.86 0.15 

2.88 0.15 

2.76 0.15 
3.07 0.16 

2.87 0.15 

2.82 0.15 
2.81 0.15 
2.94 0.16 
3.02 0.16 

2.90 0.15 
3.10 0.17 
2.96 0.16 
2.98 0.16 
3.28 0.17 
3.01 0.16 
2.92 0.16 

3.13 0.17 

3.12 0.17 
3.23 0.17 
3.42 0.18 
3.54 0.19 

3.80 0.20 
4.08 0.22 

4.14 0.22 

3.91 0.21 

3.76 0.20 
3.54 0.19 
3.35 0.18 
3.06 0.16 

2.76 0.15 
2.78 0.15 

2.81 0.15 

2.83 0.15 

2.68 0.14 
2.74 0.15 
2.71 0.14 

2.77 0.15 
2.85 0.15 

2.91 0.16 

2.78 0.15 

2.85 0.15 

2.88 0.15 

2.69 0.14 

2.96 0.16 

3.13 0.17 
3.10 0.17 

2.97 0.16 
2.97 0.16 

2.80 0.15 

2.86 0.15 

2.89 0.15 

2.89 0.15 

2.81 0.15 
2.73 0.15 
2.88 0.15 

2.87 0.15 


0.44 0.06 
0.37 0.05 
0.41 0.05 
0.39 0.05 
0.42 0.05 
0.40 0.05 
0.41 0.05 
0.41 0.05 
0.39 0.05 
0.39 0.05 
0.43 0.06 
0.38 0.05 
0.39 0.05 
0.46 0.06 
0.44 0.06 
0.43 0.06 
0.42 0.05 
0.38 0.05 
0.39 0.05 
0.40 0.05 
0.41 0.05 
0.39 0.05 
0.42 0.05 
0.42 0.05 
0.40 0.05 
0.51 0.07 
0.37 0.05 
0.40 0.05 
0.39 0.05 

0.43 0.06 
0.37 0.05 
0.34 0.04 
0.31 0.04 
0.34 0.04 
0.31 0.04 
0.29 0.04 
0.33 0.04 
0.27 0.04 
0.32 0.04 
0.31 0.04 
0.36 0.05 
0.37 0.05 
0.36 0.05 
0.42 0.05 
0.35 0.05 
0.30 0.04 
0.32 0.04 
0.33 0.04 
0.28 0.04 
0.27 0.04 
0.28 0.04 
0.36 0.05 
0.29 0.04 
0.39 0.05 
0.39 0.05 
0.34 0.04 
0.37 0.05 
0.41 0.05 
0.40 0.05 
0.36 0.05 
0.46 0.06 
0.38 0.05 
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0.55 0.05 
0.55 0.05 
0.57 0.06 
0.56 0.06 
0.55 0.05 
0.53 0.05 
0.59 0.06 
0.56 0.06 
0.59 0.06 
0.55 0.05 
0.59 0.06 
0.55 0.05 
0.54 0.05 
0.55 0.05 
0.60 0.06 
0.57 0.06 
0.56 0.05 
0.61 0.06 
0.60 0.06 
0.56 0.05 
0.53 0.05 
0.55 0.05 
0.48 0.05 
0.56 0.06 
0.50 0.05 
0.47 0.05 
0.49 0.05 
0.53 0.05 
0.56 0.06 

0.59 0.06 
0.52 0.05 
0.50 0.05 
0.47 0.05 
0.45 0.04 
0.45 0.04 
0.43 0.04 
0.41 0.04 
0.42 0.04 
0.42 0.04 
0.45 0.04 
0.45 0.04 
0.48 0.05 
0.43 0.04 
0.44 0.04 
0.46 0.05 
0.46 0.04 
0.44 0.04 
0.48 0.05 
0.48 0.05 
0.51 0.05 
0.48 0.05 
0.49 0.05 
0.51 0.05 
0.52 0.05 
0.45 0.04 
0.47 0.05 
0.47 0.05 
0.50 0.05 
0.49 0.05 
0.49 0.05 
0.49 0.05 
0.48 0.05 
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113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 


4.49 73.69 0.21 9.51 0.11 

4.63 73.77 0.21 9.64 0.11 

4.76 74.15 0.21 9.47 0.11 

4.90 73.95 0.21 9.58 0.11 

5.03 73.83 0.21 9.56 0.11 

5.17 73.86 0.21 9.68 0.11 

5.31 73.95 0.21 9.69 0.12 

5.44 73.84 0.21 9.67 0.11 

5.58 74.00 0.21 9.65 0.11 

5.71 74.01 0.21 9.62 0.11 

5.85 73.60 0.21 9.71 0.12 

5.99 73.82 0.21 9.68 0.11 

6.12 73.76 0.21 9.67 0.11 

6.26 73.94 0.21 9.79 0.12 

6.39 73.87 0.21 9.79 0.12 

6.53 74.08 0.21 9.75 0.12 

6.67 73.94 0.21 9.65 0.11 

6.80 73.64 0.21 9.62 0.11 

6.94 73.88 0.21 9.68 0.11 

7.07 74.10 0.21 9.82 0.12 

7.21 74.12 0.21 9.86 0.12 

7.35 74.11 0.21 9.82 0.12 

7.48 74.09 0.21 9.75 0.12 

7.62 74.02 0.21 9.77 0.12 

7.76 74.09 0.21 9.86 0.12 

7.89 73.89 0.21 9.80 0.12 

8.03 73.92 0.21 9.87 0.12 

8.16 73.75 0.21 9.94 0.12 

8.30 73.92 0.21 9.78 0.12 

8.44 73.85 0.21 9.91 0.12 

8.57 74.31 0.21 9.88 0.12 

8.71 74.03 0.21 9.86 0.12 

8.84 74.24 0.21 9.91 0.12 

8.98 74.18 0.21 10.00 0.12 

9.12 74.03 0.21 10.06 0.12 

9.25 74.01 0.21 10.06 0.12 

9.39 74.05 0.21 10.02 0.12 

9.52 73.95 0.21 10.12 0.12 

9.66 73.83 0.21 10.11 0.12 

9.80 74.01 0.21 10.17 0.12 

9.93 73.95 0.21 10.20 0.12 

10.07 74.12 0.21 10.22 0.12 

10.20 73.88 0.21 10.40 0.12 

10.34 73.58 0.21 10.26 0.12 

10.48 73.67 0.21 10.29 0.12 


5.49 0.11 
5.58 0.11 

5.49 0.11 
5.54 0.11 
5.62 0.11 
5.51 0.11 
5.45 0.11 
5.40 0.11 
5.38 0.11 

5.30 0.11 
5.42 0.11 

5.38 0.11 
5.54 0.11 

5.42 0.11 

5.43 0.11 

5.39 0.11 

5.50 0.11 

5.37 0.11 

5.38 0.11 
5.35 0.11 

5.40 0.11 

5.31 0.11 

5.32 0.11 
5.30 0.11 
5.26 0.11 
5.23 0.10 
5.21 0.10 
5.34 0.11 
5.13 0.10 
5.23 0.10 
5.12 0.10 
5.20 0.10 

5.17 0.10 
5.07 0.10 
5.16 0.10 
5.05 0.10 
5.09 0.10 

5.18 0.10 
5.11 0.10 
5.10 0.10 
5.03 0.10 
4.95 0.10 
5.04 0.10 
5.05 0.10 
5.08 0.10 


5.77 0.14 
5.75 0.14 
5.82 0.14 
5.73 0.14 
5.67 0.14 

5.72 0.14 
5.80 0.14 

5.80 0.14 

5.78 0.14 

5.79 0.14 

5.81 0.14 
5.86 0.14 

5.84 0.14 
5.81 0.14 
5.69 0.14 
5.64 0.14 

5.73 0.14 

5.96 0.14 
5.88 0.14 
5.79 0.14 
5.62 0.13 

5.79 0.14 

5.80 0.14 

5.90 0.14 

5.74 0.14 

5.97 0.14 

5.81 0.14 

5.85 0.14 

5.95 0.14 

5.86 0.14 
5.88 0.14 

5.91 0.14 

5.92 0.14 
5.94 0.14 
5.81 0.14 
5.91 0.14 
5.91 0.14 

5.93 0.14 
5.97 0.14 
5.88 0.14 
6.00 0.14 
5.91 0.14 
5.90 0.14 

5.96 0.14 
5.96 0.14 


1.68 0.08 
1.55 0.07 
1.54 0.07 
1.53 0.07 

1.53 0.07 

1.50 0.07 
1.59 0.07 

1.57 0.07 

1.54 0.07 
1.54 0.07 

1.58 0.07 
1.52 0.07 

1.51 0.07 

1.39 0.07 
1.46 0.07 
1.50 0.07 

1.52 0.07 
1.57 0.07 
1.54 0.07 
1.45 0.07 
1.32 0.06 
1.45 0.07 
1.42 0.07 

1.45 0.07 

1.42 0.07 
1.41 0.07 

1.43 0.07 

1.40 0.07 

1.46 0.07 
1.36 0.06 

1.36 0.06 

1.32 0.06 
1.35 0.06 

1.29 0.06 

1.33 0.06 

1.37 0.06 

1.34 0.06 
1.34 0.06 

1.33 0.06 
1.20 0.06 

1.30 0.06 
1.25 0.06 

1.34 0.06 
1.32 0.06 
1.23 0.06 


3.00 0.16 

2.86 0.15 
2.72 0.14 
2.78 0.15 

2.87 0.15 

2.85 0.15 

2.74 0.15 
2.83 0.15 
2.83 0.15 
2.90 0.15 
3.00 0.16 
2.97 0.16 

2.89 0.15 

2.86 0.15 
3.01 0.16 

2.86 0.15 

2.87 0.15 
3.00 0.16 
2.83 0.15 
2.63 0.14 
2.80 0.15 
2.72 0.14 

2.75 0.15 
2.66 0.14 

2.74 0.15 

2.88 0.15 
2.86 0.15 
2.86 0.15 

2.90 0.15 

2.86 0.15 
2.66 0.14 
2.94 0.16 
2.68 0.14 
2.72 0.14 
2.82 0.15 

2.76 0.15 

2.77 0.15 
2.63 0.14 

2.75 0.15 
2.80 0.15 
2.70 0.14 
2.72 0.15 
2.60 0.14 

2.87 0.15 
2.87 0.15 


0.36 0.05 
0.36 0.05 
0.34 0.04 
0.40 0.05 
0.39 0.05 
0.36 0.05 
0.33 0.04 
0.35 0.05 
0.30 0.04 
0.34 0.04 
0.37 0.05 
0.30 0.04 
0.39 0.05 
0.33 0.04 
0.31 0.04 
0.31 0.04 
0.34 0.04 
0.38 0.05 
0.33 0.04 
0.38 0.05 
0.39 0.05 
0.37 0.05 
0.42 0.06 
0.42 0.05 
0.37 0.05 
0.34 0.04 
0.43 0.06 
0.38 0.05 
0.37 0.05 
0.44 0.06 
0.35 0.05 
0.36 0.05 
0.31 0.04 
0.37 0.05 
0.35 0.05 
0.39 0.05 
0.41 0.05 
0.40 0.05 
0.46 0.06 
0.41 0.05 
0.37 0.05 
0.38 0.05 
0.41 0.05 
0.49 0.06 
0.49 0.06 


0.49 0.05 
0.49 0.05 
0.47 0.05 
0.50 0.05 
0.52 0.05 
0.51 0.05 
0.45 0.04 
0.53 0.05 
0.52 0.05 
0.51 0.05 
0.50 0.05 
0.46 0.04 
0.40 0.04 
0.46 0.04 
0.45 0.04 
0.47 0.05 
0.46 0.05 
0.46 0.05 
0.48 0.05 
0.48 0.05 
0.50 0.05 
0.43 0.04 
0.43 0.04 
0.49 0.05 
0.51 0.05 
0.48 0.05 
0.47 0.05 
0.48 0.05 
0.48 0.05 
0.48 0.05 
0.45 0.04 
0.40 0.04 
0.42 0.04 
0.44 0.04 
0.45 0.04 
0.46 0.05 
0.40 0.04 
0.44 0.04 
0.43 0.04 
0.42 0.04 
0.45 0.04 
0.46 0.04 
0.43 0.04 
0.48 0.05 
0.43 0.04 
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Agglomerate C2 


Table J.3: Major element compositions (as wt.% oxides) from a line traverse across the interface of exterior 
agglomerate C2 (from agglomerate C2 to host AE.C) extracted from quantified EDS compositional maps. 
The EDS compositional maps were collected at a resolution of 9.9 pixels//im. The smoothing width for this 
traverse was 100 pixels (10.1 /im) wide. This is a CaMgFe interface and has been centered at x = 0 based 
on the CaO maximum across the interface due to significantly different FeO compositions in the host and 
the agglomerate that render the interface difficult to find. (The CaO maximum from this traverse occurs in 
the agglomerate, but the interface is centered at x = 0.) Peak points within 2cr of the CaO maximum are 
ve ils . Uncertainties are 2SEOM. 


Position 

Pt. (/im) SKU 


2 a A1 2 0 3 2a Na 2 0 2 a K 2 Q 2 a CaO 2a FeO 2 a Ti0 2 2 a MgO 2 a 


2 

3 

5 

6 


10 

11 

12 

13 

15 

16 
17 


20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 


-10.00 78.14 0 
-9.90 77.97 0 
-9.80 78.02 0 
-9.70 77.82 0 
-9.60 77.99 0 
-9.49 78.04 0 
-9.39 77.95 0 
-9.29 78.14 0 
-9.19 78.13 0 
-9.09 78.11 0 
-8.99 78.44 0 
-8.89 78.26 0 
-8.79 78.23 0 
-8.69 78.24 0 
-8.59 78.26 0 
-8.48 78.26 0 
-8.38 78.32 0 
-8.28 78.47 0 
-8.18 78.73 0 
-8.08 78.49 0 
-7.98 78.46 0 
-7.88 78.67 0 
-7.78 78.59 0 
-7.68 78.65 0 
-7.58 78.62 0 
-7.47 78.67 0 
-7.37 78.57 0 
-7.27 78.77 0 
-7.17 78.61 0 
-7.07 78.73 0 
-6.97 78.76 0 
-6.87 78.92 0 
-6.77 78.86 0 
-6.67 78.84 0 
-6.57 79.13 0 
-6.46 79.14 0 
-6.36 78.90 0 
-6.26 79.05 0 
-6.16 78.93 0 
-6.06 78.96 0 
-5.96 79.13 0 
-5.86 79.42 0 
-5.76 79.26 0 
-5.66 79.36 0 
-5.56 79.26 0 
-5.45 79.35 0 
-5.35 79.36 0 
-5.25 79.44 0 


.20 11.25 0.12 

.20 11.31 0.13 

.20 11.27 0.12 

.20 11.26 0.12 

.20 11.18 0.12 

.20 11.18 0.12 

.20 11.09 0.12 

.20 11.19 0.12 

.20 11.14 0.12 

.20 11.04 0.12 

.20 10.95 0.12 

.20 11.06 0.12 

.20 11.02 0.12 

.20 11.00 0.12 

.20 11.05 0.12 

.20 11.14 0.12 

.20 11.07 0.12 

.20 11.03 0.12 

.20 10.98 0.12 

.20 11.02 0.12 

.20 10.91 0.12 

.20 10.79 0.12 

.20 10.84 0.12 

.20 10.94 0.12 

.20 10.74 0.12 

.20 10.70 0.12 

.20 10.75 0.12 

.20 10.77 0.12 

.20 10.78 0.12 

.20 10.74 0.12 

.20 10.68 0.12 

.20 10.59 0.12 

.20 10.69 0.12 

.20 10.72 0.12 

.20 10.48 0.12 

.20 10.65 0.12 

.20 10.52 0.12 

.20 10.41 0.12 

.20 10.49 0.12 

.20 10.61 0.12 

.20 10.45 0.12 

.21 10.43 0.12 

.20 10.51 0.12 

.21 10.42 0.12 

.20 10.38 0.11 

.21 10.53 0.12 

.21 10.45 0.12 

.21 10.38 0.12 


1.57 0.07 

1.61 0.07 
1.56 0.07 
1.53 0.06 

1.52 0.06 

1.56 0.07 

1.59 0.07 

1.53 0.06 
1.51 0.06 

1.53 0.06 

1.60 0.07 

1.57 0.07 

1.50 0.06 

1.54 0.06 

1.47 0.06 

1.54 0.06 
1.57 0.07 

1.56 0.07 

1.51 0.06 
1.51 0.06 

1.53 0.06 

1.55 0.07 

1.59 0.07 

1.57 0.07 

1.58 0.07 

1.54 0.06 

1.49 0.06 

1.51 0.06 

1.50 0.06 

1.48 0.06 

1.62 0.07 

1.57 0.07 

1.56 0.07 

1.55 0.07 

1.52 0.06 
1.52 0.06 

1.55 0.06 

1.56 0.07 

1.58 0.07 
1.52 0.06 
1.56 0.07 

1.60 0.07 

1.61 0.07 
1.61 0.07 
1.60 0.07 
1.60 0.07 

1.59 0.07 
1.69 0.07 


3.56 0.08 

3.65 0.08 

3.67 0.08 
3.63 0.08 

3.61 0.08 

3.62 0.08 

3.60 0.08 

3.54 0.08 

3.59 0.08 

3.61 0.08 
3.61 0.08 
3.61 0.08 

3.60 0.08 

3.66 0.08 

3.63 0.08 

3.65 0.08 

3.55 0.08 

3.56 0.08 

3.66 0.08 

3.71 0.08 

3.64 0.08 

3.72 0.08 
3.69 0.08 

3.61 0.08 

3.68 0.08 
3.72 0.08 
3.77 0.08 
3.76 0.08 
3.82 0.08 
3.80 0.08 
3.75 0.08 
3.72 0.08 
3.74 0.08 
3.66 0.08 
3.79 0.08 
3.72 0.08 

3.79 0.08 
3.84 0.08 

3.80 0.08 

3.81 0.08 
3.88 0.08 
3.79 0.08 
3.74 0.08 

3.84 0.08 

3.86 0.08 

3.87 0.08 

3.85 0.08 

3.86 0.08 


2.07 0.08 
2.06 0.08 
2.09 0.09 
2.18 0.09 
2.26 0.09 
2.08 0.08 
2.16 0.09 
2.08 0.08 
2.15 0.09 
2.21 0.09 
2.08 0.08 
1.99 0.08 
2.10 0.09 
2.05 0.08 

1.98 0.08 

1.99 0.08 
1.94 0.08 
2.01 0.08 

1.94 0.08 
2.06 0.08 

1.95 0.08 
1.91 0.08 
1.88 0.08 
1.86 0.08 
1.94 0.08 
2.01 0.08 
1.98 0.08 
1.91 0.08 

1.96 0.08 
1.88 0.08 
1.79 0.07 
1.87 0.08 
1.77 0.07 

1.69 0.07 

1.70 0.07 
1.77 0.07 
1.79 0.07 

1.71 0.07 
1.68 0.07 
1.66 0.07 
1.66 0.07 
1.64 0.07 
1.61 0.07 
1.47 0.06 
1.60 0.06 
1.57 0.06 
1.50 0.06 
1.43 0.06 


2.60 0.12 
2.58 0.12 

2.46 0.12 
2.67 0.13 

2.62 0.13 
2.69 0.13 
2.77 0.13 
2.64 0.13 

2.64 0.13 
2.73 0.13 

2.53 0.12 
2.66 0.13 
2.75 0.13 
2.73 0.13 
2.72 0.13 
2.57 0.12 
2.71 0.13 

2.54 0.12 

2.43 0.12 

2.44 0.12 

2.65 0.13 
2.53 0.12 

2.55 0.12 

2.57 0.12 
2.65 0.13 

2.58 0.12 

2.63 0.13 
2.50 0.12 

2.57 0.12 

2.53 0.12 

2.59 0.12 

2.47 0.12 

2.52 0.12 
2.69 0.13 
2.55 0.12 
2.38 0.11 
2.62 0.13 

2.58 0.12 
2.65 0.13 
2.65 0.13 

2.54 0.12 

2.38 0.11 
2.43 0.12 
2.50 0.12 

2.53 0.12 
2.24 0.11 
2.35 0.11 

2.39 0.11 


0.34 0.06 
0.37 0.06 
0.44 0.07 
0.45 0.07 
0.40 0.07 
0.38 0.06 
0.40 0.07 
0.42 0.07 
0.34 0.06 
0.39 0.06 
0.36 0.06 
0.40 0.07 
0.34 0.06 
0.36 0.06 
0.43 0.07 
0.39 0.06 
0.38 0.06 
0.35 0.06 
0.33 0.05 
0.34 0.06 
0.39 0.06 
0.40 0.07 
0.40 0.07 
0.35 0.06 
0.37 0.06 
0.35 0.06 
0.39 0.07 
0.32 0.05 
0.32 0.05 
0.33 0.06 
0.33 0.05 
0.36 0.06 
0.35 0.06 
0.41 0.07 
0.42 0.07 
0.33 0.05 
0.41 0.07 
0.44 0.07 
0.44 0.07 
0.39 0.07 
0.38 0.06 
0.36 0.06 
0.40 0.07 
0.34 0.06 
0.34 0.06 
0.36 0.06 
0.42 0.07 
0.37 0.06 


0.47 0.04 
0.46 0.04 
0.49 0.04 
0.46 0.04 
0.42 0.04 
0.45 0.04 
0.44 0.04 
0.46 0.04 
0.48 0.04 
0.40 0.04 
0.41 0.04 
0.45 0.04 
0.45 0.04 
0.42 0.04 
0.45 0.04 
0.46 0.04 
0.46 0.04 
0.48 0.04 
0.43 0.04 
0.43 0.04 
0.47 0.04 
0.44 0.04 
0.46 0.04 
0.45 0.04 
0.43 0.04 
0.42 0.04 
0.42 0.04 
0.45 0.04 
0.44 0.04 
0.50 0.04 
0.49 0.04 
0.50 0.05 
0.51 0.05 
0.43 0.04 
0.42 0.04 
0.48 0.04 
0.44 0.04 
0.42 0.04 
0.43 0.04 
0.40 0.04 
0.41 0.04 
0.39 0.03 
0.44 0.04 
0.46 0.04 
0.43 0.04 
0.47 0.04 
0.47 0.04 
0.44 0.04 
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109 0.91 77.30 0.20 8.73 0.10 3.62 0.15 4.98 0.11 1.45 0.06 3.17 0.15 0.34 0.06 0.39 0.04 

1.01 77.07 0.20 8.72 0.10 3.57 0.15 5.14 0.11 1.48 0.06 3.33 0.16 0.34 0.06 0.35 0.03 
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111 

i.n 

77.01 

0.20 

8.75 0 

10 

3.50 

0.15 

5.29 

0.11 

1.41 

0.06 

3.34 

0.16 

0.35 

0.06 

0.35 

0.03 

112 

1.21 

76.88 

0.20 

8.79 0 

10 

3.66 

0.15 

5.26 

0.11 

1.35 

0.05 

3.32 

0.16 

0.33 

0.06 

0.41 

0.04 

113 

1.31 

76.99 

0.20 

8.83 0 

10 

3.68 

0.15 

5.20 

0.11 

1.37 

0.06 

3.20 

0.15 

0.33 

0.06 

0.40 

0.04 

114 

1.41 

77.07 

0.20 

8.94 0 

10 

3.73 

0.16 

5.18 

0.11 

1.36 

0.06 

2.99 

0.14 

0.37 

0.06 

0.35 

0.03 

115 

1.52 

76.96 

0.20 

8.98 0 

10 

3.71 

0.16 

5.31 

0.11 

1.33 

0.05 

3.01 

0.14 

0.32 

0.05 

0.37 

0.03 

116 

1.62 

76.59 

0.20 

8.94 0 

10 

3.74 

0.16 

5.46 

0.12 

1.33 

0.05 

3.29 

0.16 

0.29 

0.05 

0.35 

0.03 

117 

1.72 

76.75 

0.20 

8.97 0 

10 

3.71 

0.16 

5.51 

0.12 

1.33 

0.05 

3.07 

0.15 

0.33 

0.06 

0.33 

0.03 

118 

1.82 

76.54 

0.20 

9.21 0 

10 

3.81 

0.16 

5.45 

0.12 

1.22 

0.05 

3.03 

0.15 

0.38 

0.06 

0.37 

0.03 

119 

1.92 

76.28 

0.20 

9.27 0 

10 

3.82 

0.16 

5.42 

0.12 

1.20 

0.05 

3.23 

0.15 

0.39 

0.07 

0.38 

0.03 

120 

2.02 

76.37 

0.20 

9.29 0 

10 

3.88 

0.16 

5.41 

0.12 

1.23 

0.05 

3.16 

0.15 

0.34 

0.06 

0.33 

0.03 

121 

2.12 

76.21 

0.20 

9.40 0 

10 

3.90 

0.16 

5.49 

0.12 

1.12 

0.05 

3.16 

0.15 

0.34 

0.06 

0.37 

0.03 

122 

2.22 

76.20 

0.20 

9.46 0 

10 

3.91 

0.16 

5.47 

0.12 

1.14 

0.05 

3.06 

0.15 

0.39 

0.07 

0.37 

0.03 

123 

2.32 

75.99 

0.20 

9.52 0 

11 

3.91 

0.16 

5.61 

0.12 

1.14 

0.05 

3.19 

0.15 

0.32 

0.05 

0.32 

0.03 

124 

2.42 

75.82 

0.20 

9.53 0 

11 

3.93 

0.17 

5.59 

0.12 

1.11 

0.05 

3.27 

0.16 

0.38 

0.06 

0.36 

0.03 

125 

2.53 

76.03 

0.20 

9.56 0 

11 

3.96 

0.17 

5.50 

0.12 

0.98 

0.04 

3.23 

0.15 

0.38 

0.06 

0.36 

0.03 

126 

2.63 

76.10 

0.20 

9.67 0 

11 

3.94 

0.17 

5.54 

0.12 

0.98 

0.04 

3.02 

0.14 

0.38 

0.06 

0.37 

0.03 

127 

2.73 

75.92 

0.20 

9.68 0 

11 

4.03 

0.17 

5.56 

0.12 

1.03 

0.04 

3.11 

0.15 

0.30 

0.05 

0.38 

0.03 

128 

2.83 

75.88 

0.20 

9.79 0 

11 

4.04 

0.17 

5.54 

0.12 

0.96 

0.04 

3.09 

0.15 

0.30 

0.05 

0.39 

0.04 

129 

2.93 

75.61 

0.20 

9.72 0 

11 

4.01 

0.17 

5.61 

0.12 

1.01 

0.04 

3.31 

0.16 

0.35 

0.06 

0.37 

0.03 

130 

3.03 

75.62 

0.20 

9.65 0 

11 

4.10 

0.17 

5.68 

0.12 

0.98 

0.04 

3.23 

0.16 

0.33 

0.06 

0.40 

0.04 

131 

3.13 

75.80 

0.20 

9.70 0 

11 

4.08 

0.17 

5.67 

0.12 

0.97 

0.04 

3.09 

0.15 

0.34 

0.06 

0.35 

0.03 

132 

3.23 

75.45 

0.20 

9.77 0 

11 

4.15 

0.17 

5.71 

0.12 

0.95 

0.04 

3.24 

0.16 

0.35 

0.06 

0.37 

0.03 

133 

3.33 

75.88 

0.20 

9.83 0 

11 

4.01 

0.17 

5.64 

0.12 

0.91 

0.04 

2.96 

0.14 

0.35 

0.06 

0.43 

0.04 

134 

3.43 

75.49 

0.20 

9.63 0 

11 

4.04 

0.17 

5.86 

0.12 

0.94 

0.04 

3.25 

0.16 

0.40 

0.07 

0.38 

0.03 

135 

3.54 

75.27 

0.19 

9.77 0 

11 

4.14 

0.17 

5.78 

0.12 

0.99 

0.04 

3.29 

0.16 

0.36 

0.06 

0.41 

0.04 

136 

3.64 

75.40 

0.19 

9.84 0 

11 

4.16 

0.17 

5.72 

0.12 

0.94 

0.04 

3.18 

0.15 

0.36 

0.06 

0.38 

0.03 

137 

3.74 

75.21 

0.19 

9.72 0 

11 

4.16 

0.17 

5.86 

0.12 

0.91 

0.04 

3.42 

0.16 

0.36 

0.06 

0.37 

0.03 

138 

3.84 

75.43 

0.19 

9.81 0 

11 

4.14 

0.17 

5.73 

0.12 

0.93 

0.04 

3.17 

0.15 

0.39 

0.06 

0.40 

0.04 

139 

3.94 

75.51 

0.20 

9.93 0 

11 

4.16 

0.17 

5.60 

0.12 

0.88 

0.04 

3.10 

0.15 

0.37 

0.06 

0.45 

0.04 

140 

4.04 

75.59 

0.20 

9.80 0 

11 

4.07 

0.17 

5.72 

0.12 

0.91 

0.04 

3.14 

0.15 

0.41 

0.07 

0.37 

0.03 

141 

4.14 

75.52 

0.20 

9.84 0 

11 

4.14 

0.17 

5.73 

0.12 

0.86 

0.04 

3.15 

0.15 

0.37 

0.06 

0.39 

0.03 

142 

4.24 

75.39 

0.19 

9.80 0 

11 

4.15 

0.17 

5.82 

0.12 

0.85 

0.03 

3.30 

0.16 

0.32 

0.05 

0.37 

0.03 

143 

4.34 

75.21 

0.19 

9.88 0 

11 

4.18 

0.18 

5.76 

0.12 

0.83 

0.03 

3.43 

0.16 

0.32 

0.05 

0.40 

0.04 

144 

4.44 

75.16 

0.19 

9.89 0 

11 

4.26 

0.18 

5.76 

0.12 

0.81 

0.03 

3.35 

0.16 

0.35 

0.06 

0.42 

0.04 

145 

4.55 

75.28 

0.19 

9.85 0 

11 

4.22 

0.18 

5.71 

0.12 

0.78 

0.03 

3.35 

0.16 

0.40 

0.07 

0.40 

0.04 

146 

4.65 

74.98 

0.19 

9.87 0 

11 

4.31 

0.18 

5.78 

0.12 

0.83 

0.03 

3.37 

0.16 

0.45 

0.07 

0.41 

0.04 

147 

4.75 

74.96 

0.19 

10.03 0 

11 

4.29 

0.18 

5.75 

0.12 

0.83 

0.03 

3.38 

0.16 

0.36 

0.06 

0.40 

0.04 

148 

4.85 

75.38 

0.19 

9.89 0 

11 

4.23 

0.18 

5.71 

0.12 

0.82 

0.03 

3.25 

0.16 

0.30 

0.05 

0.41 

0.04 

149 

4.95 

75.13 

0.19 

10.11 0 

11 

4.30 

0.18 

5.68 

0.12 

0.77 

0.03 

3.20 

0.15 

0.39 

0.06 

0.43 

0.04 

150 

5.05 

75.16 

0.19 

10.03 0 

11 

4.28 

0.18 

5.67 

0.12 

0.76 

0.03 

3.32 

0.16 

0.38 

0.06 

0.40 

0.04 

151 

5.15 

75.20 

0.19 

9.90 0 

11 

4.26 

0.18 

5.66 

0.12 

0.75 

0.03 

3.46 

0.17 

0.37 

0.06 

0.41 

0.04 

152 

5.25 

74.94 

0.19 

10.01 0 

11 

4.28 

0.18 

5.73 

0.12 

0.78 

0.03 

3.39 

0.16 

0.40 

0.07 

0.45 

0.04 

153 

5.35 

75.06 

0.19 

9.88 0 

11 

4.31 

0.18 

5.84 

0.12 

0.80 

0.03 

3.31 

0.16 

0.40 

0.07 

0.40 

0.04 

154 

5.45 

74.99 

0.19 

9.94 0 

11 

4.35 

0.18 

5.85 

0.12 

0.77 

0.03 

3.31 

0.16 

0.38 

0.06 

0.41 

0.04 

155 

5.56 

75.18 

0.19 

10.08 0 

11 

4.31 

0.18 

5.75 

0.12 

0.70 

0.03 

3.17 

0.15 

0.38 

0.06 

0.44 

0.04 

156 

5.66 

75.43 

0.19 

9.99 0 

11 

4.19 

0.18 

5.72 

0.12 

0.77 

0.03 

3.16 

0.15 

0.35 

0.06 

0.39 

0.03 

157 

5.76 

75.17 

0.19 

9.97 0 

11 

4.31 

0.18 

5.74 

0.12 

0.77 

0.03 

3.21 

0.15 

0.40 

0.07 

0.43 

0.04 

158 

5.86 

75.33 

0.19 

9.94 0 

11 

4.33 

0.18 

5.72 

0.12 

0.71 

0.03 

3.20 

0.15 

0.34 

0.06 

0.42 

0.04 

159 

5.96 

75.21 

0.19 

10.00 0 

11 

4.26 

0.18 

5.81 

0.12 

0.75 

0.03 

3.20 

0.15 

0.34 

0.06 

0.43 

0.04 

160 

6.06 

75.19 

0.19 

9.98 0 

11 

4.28 

0.18 

5.82 

0.12 

0.68 

0.03 

3.32 

0.16 

0.36 

0.06 

0.36 

0.03 

161 

6.16 

74.95 

0.19 

10.05 0 

11 

4.34 

0.18 

5.78 

0.12 

0.70 

0.03 

3.42 

0.16 

0.37 

0.06 

0.39 

0.04 

162 

6.26 

75.02 

0.19 

9.96 0 

11 

4.26 

0.18 

5.84 

0.12 

0.73 

0.03 

3.39 

0.16 

0.39 

0.07 

0.40 

0.04 

163 

6.36 

74.78 

0.19 

9.90 0 

11 

4.37 

0.18 

5.91 

0.13 

0.80 

0.03 

3.40 

0.16 

0.43 

0.07 

0.40 

0.04 

164 

6.46 

75.08 

0.19 

9.98 0 

11 

4.30 

0.18 

5.85 

0.12 

0.79 

0.03 

3.14 

0.15 

0.41 

0.07 

0.44 

0.04 

165 

6.57 

74.91 

0.19 

10.02 0 

11 

4.31 

0.18 

5.78 

0.12 

0.77 

0.03 

3.43 

0.16 

0.37 

0.06 

0.42 

0.04 

166 

6.67 

74.99 

0.19 

10.08 0 

11 

4.34 

0.18 

5.76 

0.12 

0.69 

0.03 

3.28 

0.16 

0.38 

0.06 

0.47 

0.04 

167 

6.77 

75.19 

0.19 

10.00 0 

11 

4.33 

0.18 

5.78 

0.12 

0.64 

0.03 

3.23 

0.16 

0.38 

0.06 

0.43 

0.04 

168 

6.87 

75.06 

0.19 

10.24 0 

11 

4.32 

0.18 

5.71 

0.12 

0.67 

0.03 

3.26 

0.16 

0.30 

0.05 

0.44 

0.04 

169 

6.97 

75.08 

0.19 

10.08 0 

11 

4.35 

0.18 

5.76 

0.12 

0.70 

0.03 

3.33 

0.16 

0.33 

0.05 

0.38 

0.03 

170 

7.07 

74.86 

0.19 

10.04 0 

11 

4.36 

0.18 

5.95 

0.13 

0.71 

0.03 

3.33 

0.16 

0.36 

0.06 

0.39 

0.03 

171 

7.17 

75.14 

0.19 

10.11 0 

11 

4.32 

0.18 

5.80 

0.12 

0.66 

0.03 

3.23 

0.15 

0.34 

0.06 

0.39 

0.03 

172 

7.27 

74.89 

0.19 

10.14 0 

11 

4.29 

0.18 

5.85 

0.12 

0.69 

0.03 

3.35 

0.16 

0.43 

0.07 

0.37 

0.03 
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173 

7.37 

74.78 0.19 

10.09 0 

n 

4. 

35 0.1 

8 5.98 

0.13 

0.78 

0.03 

3.24 

0.16 

0.42 

0.07 

0.35 

0.03 

174 

7.47 

74.84 0.19 

10.11 0 

ii 

4. 

35 0. 

8 5.91 

0.13 

0.75 

0.03 

3.27 

0.16 

0.38 

0.06 

0.39 

0.04 

175 

7.58 

74.89 0.19 

10.12 0 

n 

4. 

31 0.1 

8 5.89 

0.13 

0.70 

0.03 

3.29 

0.16 

0.42 

0.07 

0.38 

0.03 

176 

7.68 

75.04 0.19 

10.21 0 

n 

4. 

22 0.1 

8 5.87 

0.13 

0.64 

0.03 

3.16 

0.15 

0.40 

0.07 

0.45 

0.04 

177 

7.78 

75.02 0.19 

10.16 0 

n 

4. 

35 0.1 

8 5.76 

0.12 

0.69 

0.03 

3.18 

0.15 

0.38 

0.06 

0.45 

0.04 

178 

7.88 

74.87 0.19 

10.28 0 

ii 

4. 

38 0. 

8 5.86 

0.12 

0.67 

0.03 

3.09 

0.15 

0.39 

0.06 

0.46 

0.04 

179 

7.98 

74.95 0.19 

10.17 0 

n 

4. 

35 0.1 

8 5.88 

0.13 

0.64 

0.03 

3. 

22 

0.15 

0.38 

0.06 

0.42 

0.04 

180 

8.08 

74.84 0.19 

10.09 0 

n 

4. 

31 0.1 

8 5.87 

0.12 

0.63 

0.03 

3. 

45 

0.17 

0.42 

0.07 

0.40 

0.04 

181 

8.18 

75.00 0.19 

10.12 0 

ii 

4.28 0. 

8 5.82 

0.12 

0.65 

0.03 

3. 

32 

0.16 

0.41 

0.07 

0.39 

0.03 

182 

8.28 

74.64 0.19 

10.10 0 

n 

4.27 0.1 

8 5.99 

0.13 

0.73 

0.03 

3. 

42 

0.16 

0.43 

0.07 

0.43 

0.04 

183 

8.38 

74.92 0.19 

10.20 0 

n 

4. 

30 0.1 

8 5.80 

0.12 

0.70 

0.03 

3. 

33 

0.16 

0.33 

0.06 

0.42 

0.04 

184 

8.48 

74.87 0.19 

10.14 0 

n 

4. 

25 0.1 

8 5.91 

0.13 

0.74 

0.03 

3. 

42 

0.16 

0.30 

0.05 

0.37 

0.03 

185 

8.59 

74.87 0.19 

10.19 0 

n 

4.25 0. 

.8 5.94 

0.13 

0.70 

0.03 

3. 

22 

0.15 

0.46 

0.08 

0.39 

0.03 

186 

8.69 

74.94 0.19 

10.10 0 

n 

4.28 0.1 

.8 5.86 

0.12 

0.66 

0.03 

3. 

29 

0.16 

0.44 

0.07 

0.43 

0.04 

187 

8.79 

74.91 0.19 

10.13 0 

n 

4.29 0.1 

8 5.92 

0.13 

0.63 

0.03 

3. 

27 

0.16 

0.40 

0.07 

0.44 

0.04 

188 

8.89 

75.06 0.19 

10.14 0 

n 

4.27 0. 

.8 5.89 

0.13 

0.63 

0.03 

3. 

28 

0.16 

0.35 

0.06 

0.38 

0.03 

189 

8.99 

74.84 0.19 

10.20 0 

n 

4. 

38 0.1 

8 5.90 

0.13 

0.64 

0.03 

3. 

29 

0.16 

0.35 

0.06 

0.39 

0.04 

190 

9.09 

74.77 0.19 

10.27 0 

n 

4. 

28 0.1 

.8 5.97 

0.13 

0.66 

0.03 

3. 

31 

0.16 

0.30 

0.05 

0.44 

0.04 

191 

9.19 

74.76 0.19 

10.24 0 

n 

4. 

24 0.1 

8 6.00 

0.13 

0.63 

0.03 

3. 

37 

0.16 

0.34 

0.06 

0.41 

0.04 

192 

9.29 

74.67 0.19 

10.29 0 

ii 

4. 

34 0.1 

.8 5.95 

0.13 

0.62 

0.03 

3., 

32 

0.16 

0.40 

0.07 

0.40 

0.04 
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Agglomerate D1 


Table J.4: Major element compositions (as wt.% oxides) from a line traverse across the interface of exterior 
agglomerate D1 (from agglomerate D1 to host AG.D) extracted from quantified EDS compositional maps. 
The EDS compositional maps were collected at a resolution of 4.1 pixels//im. The smoothing width for this 
traverse was 125 pixels (30.8 /im) wide. This is a CaMgFe interface and has been centered at x = 0 based 
on the FeO maximum. Peak points within 2cr of the FeO maximum are ^^jtlighted in yelloj. Uncertainties 
are 2SEOM. 


Position 

Pt. (fj.ni) Si02 2ct AI 2O3 

1 -12.56 74.06 0.17 12.77 

2 -12.32 73.94 0.17 12.75 

3 -12.07 73.79 0.17 12.80 

4 -11.82 73.92 0.17 12.87 

5 -11.58 74.09 0.17 12.80 

6 -11.33 74.00 0.17 12.83 

7 -11.08 73.98 0.17 12.80 

8 -10.84 73.93 0.17 12.78 

9 -10.59 74.20 0.17 12.67 

10 -10.34 74.04 0.17 12.67 

11 -10.10 74.05 0.17 12.80 

12 -9.85 73.88 0.17 12.76 

13 -9.61 74.07 0.17 12.67 

14 -9.36 74.12 0.17 12.65 

15 -9.11 74.16 0.17 12.63 

16 -8.87 74.11 0.17 12.68 

17 -8.62 74.16 0.17 12.59 

18 -8.37 74.24 0.17 12.62 

19 -8.13 74.37 0.17 12.60 

20 -7.88 74.39 0.17 12.57 

21 -7.64 74.37 0.17 12.62 

22 -7.39 74.33 0.17 12.60 

23 -7.14 74.35 0.17 12.54 

24 -6.90 74.53 0.17 12.45 

25 -6.65 74.35 0.17 12.47 

26 -6.40 74.51 0.17 12.42 

27 -6.16 74.71 0.17 12.43 

28 -5.91 74.31 0.17 12.39 

29 -5.67 74.40 0.17 12.39 

30 -5.42 74.50 0.17 12.39 

31 -5.17 74.58 0.17 12.32 

32 -4.93 74.81 0.17 12.23 

33 -4.68 74.68 0.17 12.24 

34 -4.43 74.78 0.17 12.24 

35 -4.19 74.88 0.18 12.24 

36 -3.94 74.86 0.18 12.21 

37 -3.69 74.85 0.17 12.16 

38 -3.45 74.80 0.17 12.02 

39 -3.20 75.08 0.18 12.06 

40 -2.96 75.21 0.18 12.10 

41 -2.71 75.05 0.18 12.07 

42 -2.46 75.14 0.18 12.11 

43 -2.22 75.17 0.18 12.16 

44 -1.97 75.05 0.18 12.07 

45 -1.72 74.93 0.18 12.11 

46 -1.48 74.67 0.17 12.17 

47 -1.23 74.01 0.17 12.27 

48 -0.99 73.51 0.17 12.35 

49 -0.74 72.93 0.17 12.63 

50 -0.49 72.48 0.17 12.84 


2(7 

"alo" 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.09 

0.10 

0.10 

0.10 


0.10 

0.10 

0.10 

0.10 


Na 2 Q 

2.71 

2.75 

2.74 

2.71 

2.73 

2.71 

2.70 

2.71 

2.69 
2.77 
2.73 
2.73 

2.70 

2.71 

2.72 

2.72 
2.70 
2.68 
2.68 
2.69 

2.64 
2.67 
2.67 
2.69 

2.73 

2.65 
2.67 

2.66 
2.65 
2.69 

2.64 
2.67 
2.69 

2.65 
2.64 
2.62 
2.59 
2.59 

2.59 
2.54 
2.58 
2.52 
2.50 
2.54 
2.49 
2.45 
2.54 

2.60 
2.62 

2.66 


2(7 


0.07 


0.07 


0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.08 


K 2 Q 2(7 
4.38 0.07 

4.42 0.07 
4.49 0.07 
4.36 0.07 

4.41 0.07 

4.43 0.07 

4.35 0.07 
4.43 0.07 

4.36 0.07 

4.37 0.07 
4.33 0.07 
4.46 0.07 

4.46 0.07 

4.47 0.07 

4.42 0.07 
4.27 0.07 
4.33 0.07 
4.31 0.07 
4.31 0.07 

4.33 0.07 
4.29 0.07 
4.27 0.07 

4.29 0.07 

4.27 0.07 
4.31 0.07 

4.34 0.07 
4.22 0.07 

4.38 0.07 
4.34 0.07 
4.31 0.07 

4.28 0.07 

4.26 0.07 

4.27 0.07 
4.26 0.07 

4.28 0.07 
4.26 0.07 

4.26 0.07 

4.30 0.07 
4.25 0.07 

4.25 0.07 

4.27 0.07 
4.19 0.07 

4.24 0.07 

4.26 0.07 

4.25 0.07 

4.28 0.07 
4.33 0.07 
4.30 0.07 

4.26 0.07 
4.26 0.07 


2a 

1.90 0.05 

1.91 0.05 
1.95 0.06 
1.93 0.06 

1.92 0.06 
1.99 0.06 
1.98 0.06 

1.93 0.06 
1.93 0.06 

1.93 0.06 
1.87 0.05 
2.01 0.06 
1.98 0.06 
1.92 0.06 

1.87 0.05 

1.88 0.05 
1.88 0.05 
1.90 0.05 

1.85 0.05 

1.83 0.05 

1.84 0.05 

1.86 0.05 

1.87 0.05 
1.80 0.05 
1.83 0.05 
1.87 0.05 

1.85 0.05 
1.87 0.05 
1.83 0.05 
1.83 0.05 
1.83 0.05 
1.82 0.05 
1.78 0.05 
1.78 0.05 
1.76 0.05 
1.70 0.05 
1.72 0.05 
1.74 0.05 
1.68 0.05 
1.62 0.05 
1.57 0.05 
1.56 0.04 
1.53 0.04 
1.56 0.04 
1.66 0.05 
1.62 0.05 
1.80 0.05 

1.94 0.06 
2.10 0.06 
2.26 0.06 


FeO 2 a Ti0 2 

3.24 0.13 0.32 

3.24 0.13 0.38 

3.23 0.13 0.37 

3.21 0.12 0.36 

3.06 0.12 0.36 

3.11 0.12 0.32 

3.20 0.12 0.36 

3.27 0.13 0.33 

3.22 0.13 0.34 

3.31 0.13 0.32 

3.27 0.13 0.37 

3.19 0.12 0.36 

3.16 0.12 0.35 

3.22 0.13 0.32 

3.26 0.13 0.31 

3.30 0.13 0.38 

3.35 0.13 0.37 

3.26 0.13 0.37 

3.27 0.13 0.31 

3.30 0.13 0.29 

3.29 0.13 0.31 

3.29 0.13 0.33 

3.28 0.13 0.34 

3.27 0.13 0.36 

3.35 0.13 0.32 

3.24 0.13 0.32 

3.14 0.12 0.35 

3.39 0.13 0.37 

3.43 0.13 0.34 

3.37 0.13 0.29 

3.38 0.13 0.31 

3.27 0.13 0.31 

3.37 0.13 0.33 

3.30 0.13 0.31 

3.21 0.12 0.35 

3.35 0.13 0.33 

3.39 0.13 0.35 

3.51 0.14 0.37 

3.38 0.13 0.29 

3.29 0.13 0.31 

3.45 0.13 0.32 

3.45 0.13 0.34 

3.42 0.13 0.32 

3.50 0.14 0.29 

3.53 0.14 0.31 

3.83 0.15 0.29 

3.99 0.16 0.35 

4.21 0.16 0.35 

4.38 0.17 0.36 

4.39 0.17 0.34 


2a- 

“aoT 


0.04 

0.04 

0.04 

0.04 

0.04 


0.04 

0.04 


0.04 


0.04 

0.04 

0.03 

0.04 

0.04 


0.04 

0.04 


0.04 

0.03 

0.04 

0.04 

0.04 


0.04 

0.04 


0.04 


0.04 


0.04 


0.04 


MgO 2 ct 
0.62 0.03 
0.61 0.03 
0.62 0.03 
0.64 0.04 
0.64 0.03 
0.59 0.03 
0.62 0.03 
0.61 0.03 
0.59 0.03 
0.59 0.03 
0.58 0.03 
0.61 0.03 
0.61 0.03 
0.60 0.03 
0.63 0.03 
0.65 0.04 
0.62 0.03 
0.62 0.03 
0.61 0.03 
0.60 0.03 
0.63 0.03 
0.66 0.04 
0.65 0.04 
0.63 0.03 
0.64 0.03 
0.63 0.03 
0.64 0.03 
0.63 0.03 
0.63 0.03 
0.62 0.03 
0.64 0.04 
0.62 0.03 
0.64 0.04 
0.68 0.04 
0.64 0.03 
0.66 0.04 
0.67 0.04 
0.66 0.04 
0.66 0.04 
0.68 0.04 
0.69 0.04 
0.69 0.04 
0.66 0.04 
0.72 0.04 
0.72 0.04 
0.71 0.04 
0.71 0.04 
0.75 0.04 
0.73 0.04 
0.77 0.04 
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51 

-0.25 

72.02 0.17 

13.03 

0.10 

2.71 

0.08 

4.26 

0.07 

2.32 

0.07 

4.51 

0.18 

0.35 

0.04 

0.80 

0.04 

52 

0.00 

71.66 

0.17 

13.09 

0.10 

2.74 

0.08 

4.25 

0.07 

2.44 

0.07 

4.64 

0.18 

0.35 

0.04 

0.82 

0.05 

53 

0.25 

71.62 

0.17 

13.31 

0.10 

2.74 

0.08 

4.23 

0.07 

2.37 

0.07 

4.48 

0.17 

0.37 

0.04 

0.87 

0.05 

54 

0.49 

71.44 

0.17 

13.34 

0.10 

2.80 

0.08 

4.28 

0.07 

2.36 

0.07 

4.58 

0.18 

0.35 

0.04 

0.85 

0.05 

55 

0.74 

71.50 

0.17 

13.40 

0.10 

2.76 

0.08 

4.27 

0.07 

2.30 

0.07 

4.53 

0.18 

0.38 

0.04 

0.85 

0.05 

56 

0.99 

71.73 

0.17 

13.31 

0.10 

2.75 

0.08 

4.24 

0.07 

2.25 

0.06 

4.48 

0.17 

0.41 

0.05 

0.81 

0.04 

57 

1.23 

71.94 

0.17 

13.32 

0.10 

2.76 

0.08 

4.36 

0.07 

2.18 

0.06 

4.28 

0.17 

0.36 

0.04 

0.80 

0.04 

58 

1.48 

72.15 

0.17 

13.27 

0.10 

2.74 

0.08 

4.32 

0.07 

2.09 

0.06 

4.29 

0.17 

0.33 

0.04 

0.80 

0.04 

59 

1.72 

72.54 

0.17 

13.18 

0.10 

2.73 

0.08 

4.33 

0.07 

2.04 

0.06 

4.04 

0.16 

0.36 

0.04 

0.78 

0.04 

60 

1.97 

72.90 

0.17 

13.12 

0.10 

2.69 

0.08 

4.32 

0.07 

1.92 

0.06 

3.91 

0.15 

0.38 

0.04 

0.76 

0.04 

61 

2.22 

73.32 

0.17 

13.11 

0.10 

2.67 

0.08 

4.28 

0.07 

1.79 

0.05 

3.78 

0.15 

0.32 

0.04 

0.72 

0.04 

62 

2.46 

73.53 

0.17 

13.05 

0.10 

2.63 

0.07 

4.34 

0.07 

1.76 

0.05 

3.66 

0.14 

0.33 

0.04 

0.70 

0.04 

63 

2.71 

73.69 

0.17 

13.03 

0.10 

2.60 

0.07 

4.29 

0.07 

1.66 

0.05 

3.62 

0.14 

0.40 

0.05 

0.71 

0.04 

64 

2.96 

73.91 

0.17 

12.97 

0.10 

2.59 

0.07 

4.30 

0.07 

1.63 

0.05 

3.61 

0.14 

0.31 

0.04 

0.67 

0.04 

65 

3.20 

74.23 

0.17 

12.93 

0.10 

2.58 

0.07 

4.33 

0.07 

1.54 

0.04 

3.36 

0.13 

0.34 

0.04 

0.69 

0.04 

66 

3.45 

74.35 

0.17 

12.79 

0.10 

2.61 

0.07 

4.38 

0.07 

1.54 

0.04 

3.32 

0.13 

0.35 

0.04 

0.65 

0.04 

67 

3.69 

74.50 

0.17 

12.89 

0.10 

2.61 

0.07 

4.37 

0.07 

1.46 

0.04 

3.19 

0.12 

0.36 

0.04 

0.62 

0.03 

68 

3.94 

74.54 

0.17 

12.82 

0.10 

2.57 

0.07 

4.44 

0.07 

1.47 

0.04 

3.19 

0.12 

0.35 

0.04 

0.61 

0.03 

69 

4.19 

74.69 

0.17 

12.80 

0.10 

2.58 

0.07 

4.40 

0.07 

1.40 

0.04 

3.16 

0.12 

0.37 

0.04 

0.60 

0.03 

70 

4.43 

74.84 

0.17 

12.79 

0.10 

2.59 

0.07 

4.42 

0.07 

1.36 

0.04 

3.08 

0.12 

0.36 

0.04 

0.57 

0.03 

71 

4.68 

75.02 

0.18 

12.70 

0.10 

2.56 

0.07 

4.45 

0.07 

1.34 

0.04 

2.99 

0.12 

0.39 

0.05 

0.56 

0.03 

72 

4.93 

74.98 

0.18 

12.72 

0.10 

2.61 

0.07 

4.48 

0.07 

1.34 

0.04 

2.98 

0.12 

0.34 

0.04 

0.55 

0.03 

73 

5.17 

75.05 

0.18 

12.76 

0.10 

2.63 

0.07 

4.42 

0.07 

1.28 

0.04 

2.92 

0.11 

0.36 

0.04 

0.57 

0.03 

74 

5.42 

75.26 

0.18 

12.75 

0.10 

2.58 

0.07 

4.35 

0.07 

1.26 

0.04 

2.94 

0.11 

0.33 

0.04 

0.53 

0.03 

75 

5.67 

75.30 

0.18 

12.76 

0.10 

2.53 

0.07 

4.34 

0.07 

1.23 

0.04 

2.94 

0.11 

0.36 

0.04 

0.55 

0.03 

76 

5.91 

75.37 

0.18 

12.77 

0.10 

2.52 

0.07 

4.40 

0.07 

1.22 

0.04 

2.79 

0.11 

0.37 

0.04 

0.55 

0.03 

77 

6.16 

75.30 

0.18 

12.83 

0.10 

2.58 

0.07 

4.40 

0.07 

1.21 

0.03 

2.77 

0.11 

0.34 

0.04 

0.57 

0.03 

78 

6.40 

75.37 

0.18 

12.75 

0.10 

2.57 

0.07 

4.44 

0.07 

1.19 

0.03 

2.78 

0.11 

0.34 

0.04 

0.56 

0.03 

79 

6.65 

75.56 

0.18 

12.62 

0.10 

2.50 

0.07 

4.41 

0.07 

1.22 

0.04 

2.80 

0.11 

0.36 

0.04 

0.53 

0.03 

80 

6.90 

75.59 

0.18 

12.65 

0.10 

2.58 

0.07 

4.33 

0.07 

1.16 

0.03 

2.81 

0.11 

0.34 

0.04 

0.53 

0.03 

81 

7.14 

75.73 

0.18 

12.67 

0.10 

2.59 

0.07 

4.36 

0.07 

1.13 

0.03 

2.66 

0.10 

0.34 

0.04 

0.52 

0.03 

82 

7.39 

75.61 

0.18 

12.71 

0.10 

2.58 

0.07 

4.36 

0.07 

1.13 

0.03 

2.74 

0.11 

0.35 

0.04 

0.51 

0.03 

83 

7.64 

75.68 

0.18 

12.53 

0.10 

2.57 

0.07 

4.37 

0.07 

1.12 

0.03 

2.88 

0.11 

0.35 

0.04 

0.50 

0.03 

84 

7.88 

75.65 

0.18 

12.50 

0.10 

2.61 

0.07 

4.38 

0.07 

1.10 

0.03 

2.87 

0.11 

0.38 

0.04 

0.51 

0.03 

85 

8.13 

75.83 

0.18 

12.52 

0.10 

2.58 

0.07 

4.40 

0.07 

1.11 

0.03 

2.71 

0.11 

0.34 

0.04 

0.52 

0.03 

86 

8.37 

75.85 

0.18 

12.49 

0.10 

2.47 

0.07 

4.46 

0.07 

1.09 

0.03 

2.79 

0.11 

0.32 

0.04 

0.53 

0.03 

87 

8.62 

75.98 

0.18 

12.52 

0.10 

2.49 

0.07 

4.38 

0.07 

1.02 

0.03 

2.74 

0.11 

0.37 

0.04 

0.50 

0.03 

88 

8.87 

76.22 

0.18 

12.49 

0.10 

2.48 

0.07 

4.38 

0.07 

1.02 

0.03 

2.58 

0.10 

0.34 

0.04 

0.50 

0.03 

NO 

9.11 

76.12 

0.18 

12.48 

0.10 

2.50 

0.07 

4.38 

0.07 

1.00 

0.03 

2.66 

0.10 

0.37 

0.04 

0.49 

0.03 

90 

9.36 

76.17 

0.18 

12.44 

0.10 

2.53 

0.07 

4.38 

0.07 

1.00 

0.03 

2.68 

0.10 

0.33 

0.04 

0.48 

0.03 

91 

9.61 

76.29 

0.18 

12.44 

0.10 

2.50 

0.07 

4.34 

0.07 

0.98 

0.03 

2.62 

0.10 

0.35 

0.04 

0.47 

0.03 

92 

9.85 

76.32 

0.18 

12.48 

0.10 

2.42 

0.07 

4.34 

0.07 

1.01 

0.03 

2.60 

0.10 

0.33 

0.04 

0.52 

0.03 

93 

10.10 

76.24 

0.18 

12.48 

0.10 

2.44 

0.07 

4.35 

0.07 

1.02 

0.03 

2.66 

0.10 

0.33 

0.04 

0.48 

0.03 

94 

10.34 

76.08 

0.18 

12.48 

0.10 

2.53 

0.07 

4.35 

0.07 

0.96 

0.03 

2.73 

0.11 

0.37 

0.04 

0.51 

0.03 

95 

10.59 

76.33 

0.18 

12.51 

0.10 

2.46 

0.07 

4.33 

0.07 

0.93 

0.03 

2.63 

0.10 

0.34 

0.04 

0.48 

0.03 

96 

10.84 

76.14 

0.18 

12.48 

0.10 

2.45 

0.07 

4.40 

0.07 

0.98 

0.03 

2.71 

0.11 

0.36 

0.04 

0.48 

0.03 

97 

11.08 

76.19 

0.18 

12.46 

0.10 

2.49 

0.07 

4.31 

0.07 

0.99 

0.03 

2.69 

0.10 

0.37 

0.04 

0.51 

0.03 

98 

11.33 

76.33 

0.18 

12.47 

0.10 

2.50 

0.07 

4.32 

0.07 

0.90 

0.03 

2.66 

0.10 

0.32 

0.04 

0.50 

0.03 

99 

11.58 

76.33 

0.18 

12.56 

0.10 

2.42 

0.07 

4.31 

0.07 

0.94 

0.03 

2.64 

0.10 

0.30 

0.04 

0.49 

0.03 

100 

11.82 

76.26 

0.18 

12.55 

0.10 

2.40 

0.07 

4.31 

0.07 

0.94 

0.03 

2.72 

0.11 

0.33 

0.04 

0.50 

0.03 

101 

12.07 

76.20 

0.18 

12.50 

0.10 

2.44 

0.07 

4.31 

0.07 

0.98 

0.03 

2.75 

0.11 

0.34 

0.04 

0.48 

0.03 

102 

12.32 

76.36 

0.18 

12.54 

0.10 

2.44 

0.07 

4.33 

0.07 

0.91 

0.03 

2.61 

0.10 

0.34 

0.04 

0.48 

0.03 

103 

12.56 

76.15 

0.18 

12.44 

0.10 

2.40 

0.07 

4.42 

0.07 

0.98 

0.03 

2.76 

0.11 

0.36 

0.04 

0.50 

0.03 





APPENDIX J. INTERFACE SCANS USING EDS MAPS 


498 


Agglomerate D2 


Table J.5: Major element compositions (as wt.% oxides) from a line traverse across the interface of exterior 
agglomerate D2 (from agglomerate D2 to host AG.D) extracted from quantified EDS compositional maps. 
The EDS compositional maps were collected at a resolution of 4.1 pixels//xm. The smoothing width for this 
traverse was 125 pixels (30.8 /im) wide. This is a CaMgFe interface and has been centered at x = 0 based 
on the FeO maximum. Peak points within 2cr of the FeO maximum are ^^Uighted in yelloj. Uncertainties 
are 2SEOM. 


Position 
Pt. (/^m) 

1 -16.75 

2 -16.50 

3 -16.26 

4 -16.01 

5 -15.76 

6 -15.52 

7 -15.27 


10 -14.53 

11 -14.29 

12 -14.04 

13 -13.79 

14 -13.55 

15 -13.30 

16 -13.05 

17 -12.81 

18 -12.56 

19 -12.32 

20 -12.07 

21 -11.82 

22 -11.58 

23 -11.33 

24 -11.08 

25 -10.84 

26 -10.59 

27 -10.34 

28 -10.10 

29 -9.85 

30 -9.61 

31 -9.36 

32 -9.11 

33 -8.87 

34 -8.62 

35 -8.37 

36 -8.13 

37 -7.88 

38 -7.64 

39 -7.39 

40 -7.14 

41 -6.90 

42 -6.65 

43 -6.40 

44 -6.16 

45 -5.91 

46 -5.67 

47 -5.42 

48 -5.17 

49 -4.93 

50 -4.68 


Si0 2 2 a AI2O3 

74.37 0.17 IT93" 

74.41 0.17 12.89 

74.17 0.17 12.89 

74.20 0.17 12.96 

74.19 0.17 12.98 

74.28 0.17 12.97 

74.04 0.17 12.96 

74.07 0.17 13.12 

74.14 0.17 13.14 

74.12 0.17 13.07 

74.03 0.17 13.03 

73.77 0.17 13.07 

73.86 0.17 13.15 

73.63 0.17 13.20 

73.58 0.17 13.18 

73.65 0.17 13.09 

73.73 0.17 13.12 

73.71 0.17 13.07 

73.58 0.17 13.16 

73.51 0.17 13.29 

73.55 0.17 13.25 

73.62 0.17 13.30 

73.51 0.17 13.30 

73.36 0.17 13.36 

73.40 0.17 13.36 

73.30 0.17 13.35 

73.32 0.17 13.31 

73.26 0.17 13.38 

73.10 0.17 13.37 

73.20 0.17 13.24 

73.17 0.17 13.26 

73.18 0.17 13.31 

73.15 0.17 13.29 

73.14 0.17 13.33 

73.22 0.17 13.31 

73.26 0.17 13.36 

73.12 0.17 13.41 

73.32 0.17 13.30 

73.15 0.17 13.31 

73.11 0.17 13.28 

73.14 0.17 13.29 

73.16 0.17 13.31 

73.04 0.17 13.18 

72.96 0.17 13.36 

73.10 0.17 13.23 

73.20 0.17 13.26 

73.22 0.17 13.35 

72.98 0.17 13.31 

73.09 0.17 13.32 

73.11 0.17 13.30 


2a 

W 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 


Na 2 Q 

2.43 

2.38 

2.48 

2.50 

2.48 

2.43 

2.48 
2.47 
2.46 

2.49 

2.49 

2.52 

2.50 

2.53 
2.57 

2.52 

2.55 

2.53 

2.56 
2.62 
2.62 
2.63 
2.67 
2.66 

2.67 
2.61 

2.63 
2.62 

2.68 
2.61 
2.61 
2.61 

2.64 

2.65 
2.70 
2.69 
2.72 
2.74 
2.76 
2.79 
2.76 
2.84 
2.79 
2.86 

2.84 

2.85 

2.87 
2.90 

2.88 

2.97 


2 a 

~0W 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 


0.07 

0.07 

0.07 

0.08 

0.07 

0.07 

0.07 

0.07 

0.07 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 


K 2 Q 2a 
4.19 0.07 
4.22 0.07 
4.26 0.07 
4.25 0.07 

4.25 0.07 

4.26 0.07 

4.29 0.07 
4.18 0.07 
4.22 0.07 
4.24 0.07 

4.27 0.07 
4.27 0.07 

4.30 0.07 

4.31 0.07 

4.30 0.07 
4.37 0.07 

4.31 0.07 
4.40 0.07 

4.32 0.07 

4.27 0.07 

4.33 0.07 

4.28 0.07 
4.31 0.07 

4.34 0.07 
4.36 0.07 
4.39 0.07 
4.36 0.07 
4.42 0.07 

4.44 0.07 

4.45 0.07 

4.51 0.07 

4.52 0.07 
4.58 0.08 
4.51 0.07 

4.53 0.07 
4.49 0.07 

4.46 0.07 

4.54 0.07 
4.64 0.08 
4.64 0.08 
4.63 0.08 
4.58 0.08 
4.74 0.08 
4.70 0.08 
4.73 0.08 
4.77 0.08 
4.69 0.08 
4.82 0.08 
4.77 0.08 
4.81 0.08 


CaO 2 a FeO 2a 


2.19 0.06 
2.29 0.07 

2.29 0.07 
2.28 0.07 
2.27 0.07 

2.24 0.06 
2.31 0.07 

2.34 0.07 

2.36 0.07 

2.31 0.07 

2.35 0.07 
2.35 0.07 

2.33 0.07 

2.34 0.07 

2.35 0.07 

2.44 0.07 

2.37 0.07 
2.46 0.07 
2.43 0.07 

2.38 0.07 

2.42 0.07 

2.32 0.07 
2.38 0.07 
2.41 0.07 
2.34 0.07 
2.38 0.07 
2.41 0.07 

2.43 0.07 

2.41 0.07 

2.45 0.07 
2.45 0.07 

2.42 0.07 

2.44 0.07 
2.38 0.07 
2.37 0.07 

2.36 0.07 
2.32 0.07 
2.31 0.07 
2.36 0.07 
2.36 0.07 

2.40 0.07 
2.34 0.07 

2.41 0.07 

2.30 0.07 
2.26 0.06 

2.25 0.06 
2.17 0.06 
2.23 0.06 
2.23 0.06 
2.19 0.06 


2.95 0.11 
2.88 0.11 

2.96 0.12 

2.85 0.11 

2.84 0.11 

2.86 0.11 
3.01 0.12 

2.83 0.11 
2.74 0.11 

2.79 0.11 
2.87 0.11 
3.03 0.12 

2.89 0.11 
3.00 0.12 
3.06 0.12 

2.97 0.12 

2.94 0.11 

2.90 0.11 

2.98 0.12 

2.95 0.11 
2.89 0.11 
2.94 0.11 

2.85 0.11 
2.89 0.11 
2.89 0.11 
3.00 0.12 
3.01 0.12 

2.91 0.11 
3.01 0.12 
3.07 0.12 
3.06 0.12 

2.96 0.12 
2.96 0.12 
2.96 0.12 
2.91 0.11 
2.89 0.11 
2.98 0.12 

2.80 0.11 
2.81 0.11 

2.84 0.11 

2.86 0.11 
2.89 0.11 
2.89 0.11 
2.91 0.11 
2.89 0.11 

2.72 0.11 

2.76 0.11 
2.83 0.11 

2.77 0.11 

2.73 0.11 


TiQ 2 

0.34 

0.35 

0.36 

0.34 

0.35 

0.34 

0.31 

0.35 

0.35 

0.34 

0.36 

0.36 

0.36 

0.36 

0.31 

0.36 

0.33 

0.32 

0.34 

0.32 

0.30 

0.30 

0.32 

0.35 

0.34 

0.31 

0.32 

0.34 

0.34 

0.34 

0.33 

0.34 

0.31 

0.38 

0.33 

0.35 

0.37 

0.34 

0.34 

0.35 

0.34 

0.30 

0.39 

0.33 

0.38 

0.36 

0.35 

0.33 

0.36 

0.33 


2a- 

“aoT 


0.04 

0.04 

0.04 

0.04 

0.04 


0.04 

0.04 


0.04 


0.04 

0.04 

0.04 

0.03 

0.04 


0.04 

0.04 


0.04 


0.04 

0.04 


0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.03 

0.04 

0.04 

0.04 

0.04 

0.04 


0.04 


MgO 2 ct 
0.60 0.03 
0.57 0.03 
0.58 0.03 
0.62 0.03 
0.63 0.03 
0.61 0.03 
0.60 0.03 
0.63 0.03 
0.60 0.03 
0.64 0.03 
0.61 0.03 
0.64 0.03 
0.61 0.03 
0.62 0.03 
0.66 0.04 
0.61 0.03 
0.65 0.04 
0.61 0.03 
0.63 0.03 
0.65 0.04 
0.63 0.03 
0.62 0.03 
0.66 0.04 
0.64 0.03 
0.63 0.03 
0.66 0.04 
0.65 0.04 
0.64 0.03 
0.64 0.04 
0.64 0.03 
0.62 0.03 
0.65 0.04 
0.62 0.03 
0.65 0.04 
0.63 0.03 
0.61 0.03 
0.62 0.03 
0.64 0.03 
0.64 0.03 
0.61 0.03 
0.59 0.03 
0.59 0.03 
0.57 0.03 
0.58 0.03 
0.57 0.03 
0.59 0.03 
0.60 0.03 
0.61 0.03 
0.58 0.03 
0.56 0.03 
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51 

52 

53 

54 

55 

56 

57 

58 

59 


62 

63 

64 

65 

66 
67 


4.43 73.09 

4.19 73.25 
3.94 73.22 
3.69 73.25 

3.45 73.32 

3.20 73.41 

2.96 73.79 

2.71 74.17 

2.46 74.47 

2.22 74.69 

1.97 74.90 

1.72 75.33 
1.48 75.56 

1.23 75.63 
0.99 75.52 
0.74 75.17 
0.49 74.42 


0.17 13.29 

0.17 13.22 

0.17 13.19 

0.17 13.11 

0.17 12.97 

0.17 12.70 

0.17 12.78 

0.17 12.59 

0.17 12.37 

0.17 12.08 

0.18 11.71 

0.18 11.20 
0.18 10.83 

0.18 10.49 

0.18 10.33 

0.18 10.26 
0.17 10.40 


0.10 2.97 

0.10 3.05 

0.10 3.02 

0.10 2.97 

0.10 3.01 

0.10 3.08 

0.10 3.08 

0.10 3.04 

0.10 3.04 

0.09 3.01 

0.09 3.02 

0.09 2.99 

0.08 3.01 

0.08 2.95 

0.08 3.01 

0.08 3.08 

0.08 3.22 


4.88 0.08 
4.83 0.08 
4.83 0.08 

4.89 0.08 
4.96 0.08 
5.14 0.08 
4.96 0.08 

4.90 0.08 
4.83 0.08 

4.85 0.08 
4.92 0.08 

4.86 0.08 
4.80 0.08 
4.83 0.08 
4.75 0.08 
4.73 0.08 
4.70 0.08 


2.15 0.06 
2.13 0.06 
2.10 0.06 
2.13 0.06 
2.15 0.06 
2.13 0.06 
1.98 0.06 
1.93 0.06 
1.87 0.05 
1.83 0.05 
1.85 0.05 
1.89 0.05 
1.97 0.06 
1.96 0.06 
2.07 0.06 
2.17 0.06 
2.31 0.07 


2.69 0.10 
2.59 0.10 
2.68 0.10 

2.72 0.11 

2.70 0.11 
2.67 0.10 
2.48 0.10 
2.50 0.10 
2.59 0.10 

2.67 0.10 

2.73 0.11 
2.86 0.11 
2.97 0.12 
3.33 0.13 
3.44 0.13 

3.68 0.14 
3.88 0.15 


0.36 0.04 
0.34 0.04 
0.35 0.04 
0.36 0.04 
0.31 0.04 
0.35 0.04 
0.36 0.04 
0.35 0.04 
0.32 0.04 
0.34 0.04 
0.32 0.04 
0.32 0.04 
0.31 0.04 
0.28 0.03 
0.27 0.03 
0.28 0.03 
0.33 0.04 


0.57 0.03 
0.58 0.03 
0.59 0.03 
0.56 0.03 
0.57 0.03 
0.52 0.03 
0.57 0.03 
0.52 0.03 
0.52 0.03 
0.54 0.03 
0.55 0.03 
0.54 0.03 
0.55 0.03 
0.54 0.03 
0.60 0.03 
0.63 0.03 
0.74 0.04 


0.00 72.73 0.17 
0.25 72.14 0.17 
0.49 71.68 0.17 
0.74 71.41 0.17 


11.17 0.09 
11.53 0.09 
11.74 0.09 
11.92 0.09 


3.51 0.10 
3.61 0.10 
3.71 0.11 
3.80 0.11 


2.60 0.07 4.10 0.16 0.33 0.04 0.74 0.04 

2.70 0.08 4.06 0.16 0.32 0.04 0.76 0.04 

2.74 0.08 4.00 0.16 0.34 0.04 0.76 0.04 

2.80 0.08 3.95 0.15 0.32 0.04 0.76 0.04 


73 

74 

75 

76 

77 

78 

79 


82 

83 

84 

85 

86 
87 


91 

92 


95 

96 

97 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 


0.99 71.45 0.17 
1.23 71.55 0.17 
1.48 71.84 0.17 
1.72 71.85 0.17 
1.97 71.76 0.17 
2.22 71.76 0.17 
2.46 71.80 0.17 
2.71 72.04 0.17 

2.96 71.98 0.17 
3.20 72.11 0.17 
3.45 72.02 0.17 
3.69 71.92 0.17 
3.94 71.95 0.17 
4.19 72.16 0.17 
4.43 72.13 0.17 
4.68 72.19 0.17 
4.93 72.22 0.17 
5.17 72.39 0.17 
5.42 72.37 0.17 
5.66 72.44 0.17 
5.91 72.62 0.17 

6.16 72.73 0.17 
6.40 72.82 0.17 
6.65 72.96 0.17 
6.90 72.97 0.17 
7.14 73.21 0.17 
7.39 73.42 0.17 
7.64 73.50 0.17 
7.88 73.61 0.17 
8.13 73.68 0.17 
8.37 73.58 0.17 
8.62 73.51 0.17 
8.87 73.58 0.17 
9.11 73.59 0.17 

9.36 73.80 0.17 
9.61 73.82 0.17 

9.85 73.84 0.17 
10.10 73.79 0.17 
10.34 73.83 0.17 
10.59 73.84 0.17 


12.00 0.09 
11.92 0.09 
11.96 0.09 
12.03 0.09 
12.04 0.09 

12.11 0.09 

12.20 0.09 
12.22 0.09 
12.28 0.10 
12.18 0.09 
12.15 0.09 
12.25 0.10 
12.22 0.09 

12.17 0.09 
12.07 0.09 
12.08 0.09 

12.18 0.09 

12.12 0.09 
12.08 0.09 
12.10 0.09 
12.00 0.09 
12.06 0.09 
11.98 0.09 
11.94 0.09 
12.01 0.09 
12.00 0.09 
12.01 0.09 
11.96 0.09 
11.98 0.09 
12.05 0.09 

12.21 0.09 
12.20 0.09 
12.25 0.10 
12.41 0.10 
12.36 0.10 
12.52 0.10 
12.57 0.10 
12.62 0.10 
12.76 0.10 
12.78 0.10 


3.82 0.11 

3.87 0.11 

3.88 0.11 
3.94 0.11 
3.91 0.11 
3.97 0.11 

3.97 0.11 

3.98 0.11 
4.06 0.11 
4.09 0.12 

4.11 0.12 
4.10 0.12 

4.12 0.12 
4.23 0.12 

4.15 0.12 

4.16 0.12 

4.17 0.12 
4.19 0.12 
4.09 0.12 
4.09 0.12 
4.07 0.12 
3.98 0.11 
4.00 0.11 
4.05 0.11 
4.04 0.11 
3.97 0.11 
3.90 0.11 
3.87 0.11 
3.80 0.11 

3.79 0.11 

3.80 0.11 
3.70 0.10 
3.69 0.10 
3.57 0.10 
3.41 0.10 
3.50 0.10 
3.55 0.10 
3.54 0.10 
3.48 0.10 
3.40 0.10 


5.00 0.08 
5.06 0.08 
4.99 0.08 
5.08 0.08 

5.16 0.08 
5.21 0.09 

5.13 0.08 

5.14 0.08 
5.07 0.08 
5.11 0.08 
5.13 0.08 

5.21 0.09 

5.23 0.09 

5.17 0.08 
5.26 0.09 
5.25 0.09 
5.19 0.09 

5.15 0.08 
5.30 0.09 

5.22 0.09 
5.25 0.09 
5.19 0.09 

5.25 0.09 

5.26 0.09 
5.21 0.09 
5.19 0.09 

5.16 0.08 
5.25 0.09 

5.29 0.09 
5.15 0.08 

5.18 0.08 

5.24 0.09 

5.23 0.09 
5.32 0.09 
5.42 0.09 
5.28 0.09 

5.27 0.09 
5.35 0.09 

5.30 0.09 

5.28 0.09 


2.76 0.08 

2.73 0.08 

2.63 0.08 

2.54 0.07 
2.60 0.07 

2.55 0.07 
2.51 0.07 

2.51 0.07 
2.49 0.07 
2.48 0.07 

2.42 0.07 
2.37 0.07 
2.39 0.07 

2.33 0.07 

2.34 0.07 
2.25 0.06 

2.25 0.06 
2.20 0.06 
2.22 0.06 
2.17 0.06 
2.06 0.06 
2.09 0.06 
2.07 0.06 
1.96 0.06 
1.90 0.05 
1.82 0.05 
1.75 0.05 

1.73 0.05 

1.64 0.05 
1.58 0.05 
1.54 0.04 

1.56 0.04 

1.52 0.04 
1.45 0.04 

1.43 0.04 

1.34 0.04 

1.23 0.04 

1.26 0.04 

1.24 0.04 
1.19 0.03 


3.91 0.15 

3.85 0.15 
3.67 0.14 
3.50 0.14 
3.46 0.13 
3.37 0.13 
3.30 0.13 

3.11 0.12 

3.12 0.12 
3.06 0.12 
3.16 0.12 
3.10 0.12 
3.05 0.12 
3.00 0.12 
3.07 0.12 
3.09 0.12 
3.02 0.12 
3.01 0.12 
3.01 0.12 
3.05 0.12 
3.05 0.12 
3.01 0.12 
3.03 0.12 

2.94 0.11 

2.95 0.11 
2.89 0.11 
2.87 0.11 
2.80 0.11 

2.75 0.11 

2.86 0.11 

2.79 0.11 
2.86 0.11 

2.80 0.11 

2.76 0.11 
2.72 0.11 
2.64 0.10 
2.64 0.10 
2.61 0.10 
2.57 0.10 
2.66 0.10 


0.32 0.04 
0.30 0.03 
0.30 0.04 
0.30 0.03 
0.34 0.04 
0.34 0.04 
0.37 0.04 
0.33 0.04 
0.31 0.04 
0.29 0.03 
0.34 0.04 
0.38 0.04 
0.35 0.04 
0.30 0.03 
0.33 0.04 
0.35 0.04 
0.31 0.04 
0.33 0.04 
0.32 0.04 
0.30 0.03 
0.34 0.04 
0.35 0.04 
0.29 0.03 
0.30 0.04 
0.34 0.04 
0.29 0.03 
0.31 0.04 
0.31 0.04 
0.35 0.04 
0.34 0.04 
0.33 0.04 
0.39 0.04 
0.39 0.04 
0.36 0.04 
0.35 0.04 
0.34 0.04 
0.35 0.04 
0.32 0.04 
0.35 0.04 
0.36 0.04 


0.74 0.04 
0.73 0.04 
0.72 0.04 
0.77 0.04 
0.73 0.04 
0.69 0.04 
0.73 0.04 
0.67 0.04 
0.68 0.04 
0.68 0.04 
0.66 0.04 
0.67 0.04 
0.69 0.04 
0.64 0.04 
0.63 0.03 
0.62 0.03 
0.65 0.04 
0.61 0.03 
0.60 0.03 
0.62 0.03 
0.62 0.03 
0.59 0.03 
0.58 0.03 
0.58 0.03 
0.57 0.03 
0.63 0.03 
0.59 0.03 
0.59 0.03 
0.58 0.03 
0.56 0.03 
0.58 0.03 
0.55 0.03 
0.54 0.03 
0.54 0.03 
0.53 0.03 
0.54 0.03 
0.55 0.03 
0.50 0.03 
0.47 0.03 
0.49 0.03 
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12.83 0.10 3.32 0.09 5.26 0.09 1.14 

12.96 0.10 3.28 0.09 5.37 0.09 1.18 

12.90 0.10 3.25 0.09 5.38 0.09 1.11 

12.93 0.10 3.23 0.09 5.31 0.09 1.08 

13.01 0.10 3.25 0.09 5.33 0.09 1.07 

13.01 0.10 3.18 0.09 5.34 0.09 1.06 

13.11 0.10 3.19 0.09 5.33 0.09 1.06 

13.13 0.10 3.16 0.09 5.24 0.09 1.01 

13.15 0.10 3.14 0.09 5.22 0.09 1.02 

13.29 0.10 3.10 0.09 5.30 0.09 1.03 

13.34 0.10 3.07 0.09 5.18 0.09 1.02 

13.38 0.10 3.05 0.09 5.10 0.08 1.00 

13.43 0.10 3.01 0.09 5.10 0.08 1.01 

13.50 0.10 2.98 0.08 5.10 0.08 1.04 

13.45 0.10 2.94 0.08 5.16 0.08 1.03 

13.39 0.10 2.97 0.08 5.18 0.09 1.09 

13.52 0.10 2.93 0.08 5.09 0.08 1.06 

13.61 0.11 2.90 0.08 5.04 0.08 1.07 

13.59 0.11 2.85 0.08 5.08 0.08 1.11 

13.60 0.11 2.83 0.08 5.10 0.08 1.05 

13.63 0.11 2.88 0.08 5.05 0.08 1.10 

13.64 0.11 2.88 0.08 5.06 0.08 1.14 

13.74 0.11 2.81 0.08 5.05 0.08 1.16 

13.81 0.11 2.76 0.08 5.04 0.08 1.13 

13.65 0.11 2.78 0.08 5.06 0.08 1.19 

13.76 0.11 2.75 0.08 4.94 0.08 1.16 

13.81 0.11 2.63 0.07 4.89 0.08 1.15 

13.90 0.11 2.71 0.08 4.92 0.08 1.16 

13.98 0.11 2.73 0.08 4.84 0.08 1.16 


0.03 2.63 0.10 0.36 0.04 0.48 0.03 

0.03 2.52 0.10 0.32 0.04 0.48 0.03 

0.03 2.66 0.10 0.32 0.04 0.49 0.03 

0.03 2.60 0.10 0.32 0.04 0.48 0.03 

0.03 2.50 0.10 0.34 0.04 0.48 0.03 

0.03 2.66 0.10 0.35 0.04 0.47 0.03 

0.03 2.54 0.10 0.32 0.04 0.50 0.03 

0.03 2.60 0.10 0.35 0.04 0.52 0.03 

0.03 2.58 0.10 0.34 0.04 0.48 0.03 

0.03 2.51 0.10 0.36 0.04 0.48 0.03 

0.03 2.47 0.10 0.33 0.04 0.49 0.03 

0.03 2.72 0.11 0.32 0.04 0.49 0.03 

0.03 2.54 0.10 0.37 0.04 0.49 0.03 

0.03 2.51 0.10 0.38 0.04 0.48 0.03 

0.03 2.65 0.10 0.39 0.04 0.50 0.03 

0.03 2.66 0.10 0.38 0.04 0.48 0.03 

0.03 2.69 0.10 0.36 0.04 0.48 0.03 

0.03 2.62 0.10 0.32 0.04 0.50 0.03 

0.03 2.68 0.10 0.34 0.04 0.50 0.03 

0.03 2.71 0.11 0.37 0.04 0.48 0.03 

0.03 2.71 0.11 0.32 0.04 0.49 0.03 

0.03 2.77 0.11 0.32 0.04 0.52 0.03 

0.03 2.77 0.11 0.33 0.04 0.51 0.03 

0.03 2.73 0.11 0.31 0.04 0.49 0.03 

0.03 2.64 0.10 0.31 0.04 0.51 0.03 

0.03 2.72 0.11 0.34 0.04 0.50 0.03 

0.03 2.73 0.11 0.35 0.04 0.54 0.03 

0.03 2.78 0.11 0.36 0.04 0.54 0.03 

0.03 2.81 0.11 0.36 0.04 0.52 0.03 
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Agglomerate El 


Table J.6: Major element compositions (as wt.% oxides) from a line traverse across the interface of exterior 
agglomerate El (from agglomerate El to host AH.E) extracted from quantified EDS compositional maps. 
The EDS compositional maps were collected at a resolution of 4.8 pixels//iin. The smoothing width for this 
traverse was 100 pixels (21.1 fim) wide. This is a CaMgFe interface and has been centered at x = 0 based on 
the CaO maximum, due to anomalous behavior of FeO at the interface. Peak points within 2cr of the CaO 
maximum are ^^Jjjighted i n yelloj. Uncertainties are 2SEOM. 


Position 
Pt. (|im) 

1 -28.73 

2 -28.52 

3 -28.31 

4 -28.10 

5 -27.89 

6 -27.68 

7 -27.46 

8 -27.25 

9 -27.04 

10 -26.83 

11 -26.62 

12 -26.41 

13 -26.20 

14 -25.99 

15 -25.77 

16 -25.56 

17 -25.35 

18 -25.14 

19 -24.93 

20 -24.72 

21 -24.51 

22 -24.30 

23 -24.08 

24 -23.87 

25 -23.66 

26 -23.45 

27 -23.24 

28 -23.03 

29 -22.82 

30 -22.61 

31 -22.39 

32 -22.18 

33 -21.97 

34 -21.76 

35 -21.55 

36 -21.34 

37 -21.13 

38 -20.92 

39 -20.70 

40 -20.49 

41 -20.28 

42 -20.07 

43 -19.86 

44 -19.65 

45 -19.44 

46 -19.23 

47 -19.01 

48 -18.80 

49 -18.59 

50 -18.38 


Si 0 2 2 a AI2O3 

72.48 0.27 13.37 

72.41 0.27 13.44 

72.52 0.27 13.36 

72.49 0.27 13.35 

72.57 0.27 13.40 

72.42 0.27 13.26 

72.50 0.27 13.35 

72.35 0.27 13.26 

72.49 0.27 13.22 

72.36 0.27 13.31 

72.18 0.27 13.32 

72.21 0.27 13.24 

72.28 0.27 13.27 

72.33 0.27 13.36 

72.14 0.27 13.30 

72.22 0.27 13.35 

72.37 0.27 13.21 

72.14 0.27 13.29 

72.02 0.27 13.11 

72.05 0.27 13.11 

71.92 0.27 13.17 

72.08 0.27 13.24 

72.10 0.27 13.00 

71.85 0.27 13.20 

71.89 0.27 13.10 

71.94 0.27 12.90 

71.86 0.27 12.86 

71.79 0.27 13.05 

71.62 0.27 13.09 

71.90 0.27 12.85 

71.82 0.27 12.93 

71.61 0.27 12.83 

71.74 0.27 12.87 

71.70 0.27 12.89 

71.45 0.27 12.72 

71.50 0.27 12.76 

71.45 0.27 12.71 

71.83 0.27 12.56 

71.63 0.27 12.54 

71.56 0.27 12.61 

71.76 0.27 12.45 

71.69 0.27 12.35 

71.75 0.27 12.19 

71.57 0.27 12.21 

71.84 0.27 12.25 

71.76 0.27 12.08 

71.36 0.27 12.20 

71.50 0.27 12.15 

71.60 0.27 11.87 

71.96 0.27 11.75 


2a 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.17 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.17 

0.18 

0.17 

0.17 

0.17 

0.18 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

0.16 


Na 2 Q 

3.70 

3.67 

3.68 

3.69 

3.66 

3.78 

3.82 

3.79 

3.83 

3.81 
3.83 
3.85 

3.80 

3.90 

3.91 
3.95 

3.89 
4.04 
4.06 
4.03 
4.08 
4.05 
4.02 
4.17 
4.22 

4.21 

4.22 
4.29 
4.36 
4.36 
4.34 
4.38 
4.38 
4.46 
4.62 

4.55 

4.66 

4.56 
4.72 
4.77 

4.69 
4.77 
4.65 
4.94 

4.89 

4.82 
5.13 
5.04 
5.15 
5.11 


2 a 
0.12 
0.12 
0.12 
0.12 
0.11 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.15 
0.14 
0.15 
0.14 
0.15 
0.15 
0.15 
0.15 
0.15 
0.16 
0.15 
0.15 
0.16 
0.16 
0.16 
0.16 


K 2 Q 2a 
6.28 0.14 
6.28 0.14 

6.36 0.14 

6.41 0.15 
6.30 0.14 
6.47 0.15 

6.43 0.15 

6.46 0.15 

6.44 0.15 

6.37 0.14 

6.40 0.14 
6.44 0.15 
6.52 0.15 

6.42 0.15 

6.47 0.15 

6.38 0.14 
6.47 0.15 

6.55 0.15 

6.68 0.15 
6.62 0.15 
6.49 0.15 
6.44 0.15 
6.67 0.15 

6.56 0.15 
6.47 0.15 
6.65 0.15 
6.61 0.15 

6.54 0.15 

6.52 0.15 

6.55 0.15 

6.53 0.15 

6.60 0.15 

6.61 0.15 

6.53 0.15 

6.59 0.15 

6.55 0.15 

6.70 0.15 
6.64 0.15 

6.60 0.15 

6.56 0.15 

6.57 0.15 

6.59 0.15 

6.71 0.15 

6.60 0.15 

6.54 0.15 

6.69 0.15 
6.57 0.15 

6.41 0.15 
6.59 0.15 
6.54 0.15 


CaO 2a FeO 2a TiQ 2 


0.73 

0.72 

0.76 

0.76 

0.74 

0.79 

0.78 

0.77 

0.75 

0.74 

0.79 

0.84 

0.81 

0.77 

0.78 

0.78 

0.82 

0.78 

0.90 

0.91 

0.87 

0.86 

0.86 

0.87 

0.90 

0.92 

0.91 

0.88 

0.93 

0.87 

0.94 

0.97 

0.94 

0.98 

0.98 

0.98 

1.03 

1.04 

0.98 

1.00 

1.00 

1.06 

1.13 

1.12 

1.10 

1.22 

1.21 

1.19 

1.28 

1.27 


0.04 

0.04 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.06 

0.05 

0.05 

0.05 

0.05 

0.05 

0.06 

0.06 

0.05 

0.06 

0.05 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.08 

0.08 


2.57 
2.49 
2.41 
2.41 
2.48 

2.37 
2.21 
2.41 
2.28 
2.45 

2.45 
2.43 
2.39 
2.32 

2.52 

2.38 
2.32 
2.32 
2.34 
2.38 
2.48 
2.41 

2.47 
2.36 
2.38 

2.46 
2.60 
2.54 
2.56 
2.51 

2.48 
2.66 

2.48 
2.18 
2.69 
2.74 

2.53 
2.41 
2.56 
2.61 
2.60 
2.59 

2.58 

2.58 

2.49 

2.47 

2.59 
2.73 
2.64 
2.51 


0.14 

0.13 

0.13 

0.13 

0.13 

0.13 

0.12 

0.13 

0.12 

0.13 

0.13 

0.13 

0.13 

0.12 

0.13 

0.13 

0.12 

0.12 

0.12 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.14 

0.14 

0.14 

0.13 

0.13 

0.14 

0.13 

0.13 

0.14 

0.15 

0.13 

0.13 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.13 

0.13 

0.14 

0.15 

0.14 

0.13 


0.41 

0.44 

0.41 

0.41 

0.42 

0.44 

0.43 

0.45 

0.48 

0.45 

0.47 

0.16 

0.46 

0.41 

0.42 

0.44 

0.46 

0.39 

0.41 

0.41 

0.51 

0.43 

0.39 

0.45 

0.45 

0.39 

0.45 

0.41 

0.40 

0.40 

0.40 

0.44 

0.48 

0.44 

0.44 

0.38 

0.41 

0.51 

0.47 

0.37 

0.43 

0.42 

0.46 

0.41 

0.41 

0.44 

0.40 

0.43 

0.35 

0.33 


2a 

“ooT 

0.07 

0.07 

0.07 

0.07 

0.08 

0.07 


0.07 

0.07 


0.07 

0.07 

0.07 

0.09 

0.07 

0.07 


0.07 

0.08 

0.07 

0.07 

0.07 

0.07 


0.07 

0.07 


0.07 

0.07 


0.07 

0.07 

0.07 

0.07 

0.07 

0.06 

0.06 


MgO 2 a 
0.47 0.06 
0.54 0.06 
0.49 0.06 
0.48 0.06 
0.43 0.05 
0.46 0.06 
0.47 0.06 
0.51 0.06 
0.52 0.06 
0.51 0.06 
0.54 0.07 
0.52 0.06 
0.47 0.06 
0.48 0.06 
0.48 0.06 
0.49 0.06 
0.46 0.06 
0.48 0.06 
0.48 0.06 
0.49 0.06 
0.49 0.06 
0.48 0.06 
0.48 0.06 
0.54 0.06 
0.59 0.07 
0.52 0.06 
0.49 0.06 
0.49 0.06 
0.53 0.06 
0.56 0.07 
0.56 0.07 
0.51 0.06 
0.51 0.06 
0.52 0.06 
0.51 0.06 
0.52 0.06 
0.51 0.06 
0.45 0.05 
0.49 0.06 
0.52 0.06 
0.51 0.06 
0.53 0.06 
0.52 0.06 
0.57 0.07 
0.47 0.06 
0.53 0.06 
0.54 0.07 
0.55 0.07 
0.52 0.06 
0.53 0.06 
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51 

52 

53 

54 

55 

56 

57 

58 

59 


62 

63 

64 

65 

66 
67 


70 

71 

72 

73 

74 

75 

76 

77 

78 

79 


82 


85 

86 
87 


91 

92 


95 

96 

97 

98 

99 
100 
101 
102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 


-18.17 72.12 0.27 
-17.96 71.75 0.27 
-17.75 72.26 0.27 
-17.54 72.59 0.27 
-17.32 72.84 0.28 
-17.11 72.85 0.28 
-16.90 72.93 0.28 
-16.69 73.26 0.28 
-16.48 73.44 0.28 
-16.27 73.86 0.28 
-16.06 73.84 0.28 
-15.85 73.79 0.28 
-15.63 73.76 0.28 
-15.42 73.61 0.28 
-15.21 73.65 0.28 

-15.00 73.34 0.28 
-14.79 73.38 0.28 
-14.58 73.13 0.28 
-14.37 73.08 0.28 
-14.15 73.04 0.28 
-13.94 72.92 0.28 
-13.73 72.84 0.28 
-13.52 72.77 0.27 
-13.31 72.73 0.27 
-13.10 72.80 0.28 
-12.89 72.65 0.27 
-12.68 72.51 0.27 
-12.46 72.54 0.27 
-12.25 72.49 0.27 
-12.04 72.52 0.27 
-11.83 72.62 0.27 
-11.62 72.84 0.28 
-11.41 72.98 0.28 

-11.20 72.88 0.28 
-10.99 72.84 0.28 
-10.77 73.04 0.28 
-10.56 73.45 0.28 
-10.35 73.62 0.28 
-10.14 73.73 0.28 
-9.93 73.71 0.28 
-9.72 73.96 0.28 
-9.51 74.20 0.28 

-9.30 74.43 0.28 
-9.08 74.64 0.28 
-8.87 74.66 0.28 
-8.66 74.97 0.28 
-8.45 75.09 0.28 
-8.24 75.34 0.28 
-8.03 75.24 0.28 
-7.82 75.48 0.29 
-7.61 75.69 0.29 
-7.39 75.49 0.29 
-7.18 75.48 0.29 
-6.97 75.40 0.28 
-6.76 75.06 0.28 
-6.55 74.82 0.28 
-6.34 74.69 0.28 
-6.13 74.39 0.28 
-5.92 74.29 0.28 
-5.70 74.24 0.28 
-5.49 74.04 0.28 
-5.28 73.92 0.28 


11.61 0.15 

11.51 0.15 
11.33 0.15 
11.09 0.15 
10.93 0.14 
10.76 0.14 
10.54 0.14 

10.52 0.14 
10.26 0.14 
10.43 0.14 

10.54 0.14 
10.48 0.14 
10.81 0.14 

10.87 0.14 
10.95 0.14 

11.15 0.15 
11.22 0.15 
11.28 0.15 

11.42 0.15 
11.51 0.15 
11.72 0.15 
11.71 0.15 
11.64 0.15 
11.70 0.15 
11.64 0.15 

11.79 0.16 
11.85 0.16 

11.80 0.16 
11.80 0.16 

11.68 0.15 

11.69 0.15 

11.63 0.15 

11.55 0.15 
11.36 0.15 

11.43 0.15 
11.22 0.15 
11.07 0.15 

10.88 0.14 
10.76 0.14 
10.54 0.14 
10.38 0.14 

10.16 0.13 

9.87 0.13 
9.76 0.13 
9.56 0.13 
9.36 0.12 
9.19 0.12 

8.87 0.12 
8.83 0.12 

8.70 0.12 
8.65 0.11 
8.80 0.12 
9.08 0.12 
9.42 0.12 

9.70 0.13 
9.94 0.13 

10.30 0.14 
10.50 0.14 

10.63 0.14 
10.74 0.14 
10.93 0.14 
10.87 0.14 


5.12 0.16 

5.17 0.16 
5.33 0.17 
5.24 0.16 
5.06 0.16 
5.12 0.16 
5.21 0.16 
5.24 0.16 

5.12 0.16 

5.13 0.16 

5.18 0.16 
5.21 0.16 
5.10 0.16 
5.21 0.16 
5.21 0.16 
5.33 0.17 
5.29 0.17 
5.39 0.17 
5.27 0.17 
5.39 0.17 
5.47 0.17 

5.55 0.17 

5.57 0.18 

5.53 0.17 
5.65 0.18 

5.71 0.18 

5.74 0.18 
5.70 0.18 

5.75 0.18 

5.81 0.18 
5.79 0.18 

5.73 0.18 
5.79 0.18 
5.86 0.18 
5.89 0.19 

5.82 0.18 

5.77 0.18 

5.78 0.18 

5.74 0.18 

5.79 0.18 
5.77 0.18 
5.77 0.18 
5.62 0.18 

5.68 0.18 
5.79 0.18 
5.84 0.18 

5.76 0.18 
5.73 0.18 
5.81 0.18 
5.62 0.18 

5.56 0.17 
5.89 0.18 

5.72 0.18 
5.50 0.17 

5.59 0.18 

5.60 0.18 

5.61 0.18 

5.58 0.18 

5.59 0.18 

5.54 0.17 

5.62 0.18 

5.69 0.18 


6.46 0.15 
6.39 0.14 
6.19 0.14 

6.25 0.14 

6.29 0.14 
6.35 0.14 

6.33 0.14 
6.31 0.14 

6.35 0.14 
6.24 0.14 
6.23 0.14 

6.36 0.14 

6.43 0.15 
6.36 0.14 

6.44 0.15 

6.53 0.15 
6.59 0.15 

6.51 0.15 

6.63 0.15 

6.64 0.15 

6.58 0.15 
6.64 0.15 
6.70 0.15 

6.59 0.15 

6.64 0.15 
6.58 0.15 
6.63 0.15 
6.68 0.15 
6.68 0.15 

6.67 0.15 

6.68 0.15 

6.65 0.15 

6.54 0.15 
6.67 0.15 

6.52 0.15 
6.67 0.15 
6.48 0.15 
6.38 0.14 
6.42 0.15 
6.38 0.14 

6.34 0.14 

6.35 0.14 
6.31 0.14 
6.12 0.14 
6.14 0.14 

5.98 0.14 
6.06 0.14 
5.97 0.14 

5.97 0.14 

5.99 0.14 

5.98 0.14 
5.94 0.13 
5.91 0.13 
6.01 0.14 
6.12 0.14 
6.28 0.14 

6.30 0.14 

6.26 0.14 

6.28 0.14 
6.35 0.14 

6.29 0.14 
6.35 0.14 


1.26 0.08 
1.36 0.08 
1.33 0.08 

1.32 0.08 
1.29 0.08 
1.38 0.08 
1.38 0.08 
1.28 0.08 

1.33 0.08 
1.20 0.07 
1.13 0.07 
1.11 0.07 
1.07 0.07 
1.05 0.06 
0.96 0.06 
0.95 0.06 
0.87 0.05 
0.90 0.05 
0.86 0.05 
0.78 0.05 
0.73 0.04 
0.76 0.05 
0.76 0.05 
0.77 0.05 
0.69 0.04 
0.70 0.04 
0.68 0.04 
0.72 0.04 
0.70 0.04 
0.70 0.04 
0.68 0.04 
0.66 0.04 
0.67 0.04 
0.69 0.04 
0.73 0.04 
0.71 0.04 
0.71 0.04 
0.72 0.04 
0.78 0.05 
0.85 0.05 
0.78 0.05 
0.80 0.05 
0.83 0.05 
0.87 0.05 
0.87 0.05 
0.95 0.06 
0.98 0.06 
0.91 0.06 
0.92 0.06 
0.98 0.06 
0.99 0.06 
0.95 0.06 
0.91 0.06 
0.82 0.05 
0.74 0.05 
0.75 0.05 
0.68 0.04 
0.67 0.04 
0.70 0.04 
0.69 0.04 
0.62 0.04 
0.64 0.04 


2.47 0.13 

2.81 0.15 
2.56 0.14 
2.53 0.13 
2.64 0.14 
2.61 0.14 
2.66 0.14 

2.48 0.13 
2.55 0.14 
2.23 0.12 
2.19 0.12 
2.18 0.12 

1.97 0.10 
2.01 0.11 

1.98 0.11 
1.97 0.10 
1.91 0.10 
1.97 0.10 
2.01 0.11 
1.89 0.10 

1.82 0.10 
1.70 0.09 
1.81 0.10 

1.87 0.10 
1.81 0.10 
1.82 0.10 
1.81 0.10 
1.80 0.10 
1.89 0.10 

1.88 0.10 
1.81 0.10 

1.74 0.09 

1.75 0.09 
1.85 0.10 

1.83 0.10 
1.82 0.10 
1.72 0.09 
1.78 0.09 
1.75 0.09 
1.91 0.10 
2.04 0.11 
2.01 0.11 
2.12 0.11 
2.07 0.11 
2.18 0.12 
2.11 0.11 

2.19 0.12 
2.33 0.12 
2.40 0.13 

2.42 0.13 

2.43 0.13 

2.20 0.12 
2.13 0.11 
2.17 0.12 
2.08 0.11 
1.95 0.10 
1.75 0.09 
1.87 0.10 
1.80 0.10 
1.81 0.10 

1.84 0.10 
1.83 0.10 


0.37 0.06 
0.38 0.07 
0.39 0.07 
0.37 0.06 
0.35 0.06 
0.37 0.06 
0.41 0.07 
0.40 0.07 
0.42 0.07 
0.38 0.07 
0.39 0.07 
0.42 0.07 
0.39 0.07 
0.42 0.07 
0.43 0.07 
0.36 0.06 
0.40 0.07 
0.40 0.07 
0.36 0.06 
0.38 0.06 
0.38 0.07 
0.39 0.07 
0.41 0.07 
0.38 0.07 
0.39 0.07 
0.36 0.06 
0.43 0.07 
0.39 0.07 
0.37 0.06 
0.39 0.07 
0.37 0.06 
0.39 0.07 
0.37 0.06 
0.37 0.06 
0.39 0.07 
0.40 0.07 
0.46 0.08 
0.47 0.08 
0.44 0.08 
0.41 0.07 
0.37 0.06 
0.29 0.05 
0.39 0.07 
0.43 0.07 
0.37 0.06 
0.36 0.06 
0.34 0.06 
0.42 0.07 
0.38 0.07 
0.39 0.07 
0.30 0.05 
0.32 0.05 
0.38 0.07 
0.37 0.06 
0.35 0.06 
0.34 0.06 
0.37 0.06 
0.43 0.07 
0.44 0.08 
0.39 0.07 
0.38 0.07 
0.37 0.06 


0.60 0.07 
0.62 0.07 
0.61 0.07 
0.60 0.07 
0.61 0.07 
0.58 0.07 
0.55 0.07 
0.51 0.06 
0.53 0.06 
0.53 0.06 
0.49 0.06 
0.44 0.05 
0.47 0.06 
0.47 0.06 
0.38 0.05 
0.36 0.04 
0.34 0.04 
0.40 0.05 
0.36 0.04 
0.37 0.04 
0.38 0.05 
0.40 0.05 
0.34 0.04 
0.42 0.05 
0.38 0.05 
0.38 0.05 
0.35 0.04 
0.36 0.04 
0.33 0.04 
0.36 0.04 
0.36 0.04 
0.35 0.04 
0.35 0.04 
0.32 0.04 
0.35 0.04 
0.32 0.04 
0.34 0.04 
0.36 0.04 
0.38 0.05 
0.40 0.05 
0.37 0.04 
0.41 0.05 
0.42 0.05 
0.43 0.05 
0.42 0.05 
0.42 0.05 
0.39 0.05 
0.43 0.05 
0.44 0.05 
0.41 0.05 
0.40 0.05 
0.40 0.05 
0.39 0.05 
0.31 0.04 
0.34 0.04 
0.33 0.04 
0.30 0.04 
0.30 0.04 
0.26 0.03 
0.24 0.03 
0.28 0.03 
0.32 0.04 
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113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 


5.07 73.78 0.28 
4.86 73.78 0.28 
4.65 73.89 0.28 
4.44 73.96 0.28 
4.23 74.08 0.28 
4.01 73.98 0.28 

3.80 74.07 0.28 
3.59 74.20 0.28 
3.38 74.40 0.28 
3.17 74.68 0.28 
2.96 74.86 0.28 
2.75 74.84 0.28 
2.54 75.07 0.28 
2.32 75.56 0.29 
2.11 75.91 0.29 

1.90 75.98 0.29 
1.69 75.98 0.29 
1.48 75.96 0.29 
1.27 76.26 0.29 
1.06 76.32 0.29 
0.85 76.28 0.29 
0.63 76.10 0.29 


11.10 0.15 
11.08 0.15 
11.02 0.15 
10.99 0.15 
10.99 0.15 
10.95 0.14 
10.97 0.15 
10.88 0.14 
10.58 0.14 
10.56 0.14 
10.46 0.14 
10.34 0.14 
10.12 0.13 
9.78 0.13 
9.59 0.13 
9.51 0.13 
9.29 0.12 
9.02 0.12 
8.89 0.12 
8.77 0.12 
8.80 0.12 
8.76 0.12 


5.56 0.17 
5.46 0.17 

5.43 0.17 
5.35 0.17 
5.40 0.17 
5.40 0.17 
5.34 0.17 
5.31 0.17 
5.12 0.16 

5.11 0.16 
5.07 0.16 

5.12 0.16 
4.98 0.16 
4.87 0.15 
4.75 0.15 
4.71 0.15 
4.64 0.15 
4.55 0.14 
4.50 0.14 
4.50 0.14 
4.54 0.14 

4.44 0.14 


6.38 0.14 
6.37 0.14 

6.39 0.14 
6.48 0.15 

6.33 0.14 
6.36 0.14 

6.34 0.14 
6.41 0.15 
6.45 0.15 
6.22 0.14 
6.04 0.14 
6.04 0.14 
6.09 0.14 
5.96 0.13 
5.92 0.13 

5.83 0.13 
5.86 0.13 

5.84 0.13 
5.82 0.13 

5.72 0.13 
5.64 0.13 

5.73 0.13 


0.62 0.04 
0.67 0.04 
0.70 0.04 
0.69 0.04 
0.59 0.04 
0.67 0.04 
0.67 0.04 
0.75 0.05 
0.88 0.05 
0.82 0.05 
0.87 0.05 
1.00 0.06 
1.02 0.06 
1.01 0.06 
1.11 0.07 

1.14 0.07 

1.15 0.07 
1.32 0.08 
1.34 0.08 
1.43 0.09 
1.36 0.08 
1.46 0.09 


1.86 0.10 
2.00 0.11 
1.93 0.10 
1.84 0.10 
1.92 0.10 
1.92 0.10 

1.91 0.10 
1.82 0.10 
1.97 0.10 

1.97 0.10 

1.98 0.11 

1.92 0.10 
2.00 0.11 
2.07 0.11 
2.10 0.11 
2.08 0.11 
2.33 0.12 
2.48 0.13 
2.41 0.13 
2.48 0.13 
2.51 0.13 
2.80 0.15 


0.39 0.07 
0.41 0.07 
0.36 0.06 
0.39 0.07 
0.39 0.07 
0.41 0.07 
0.41 0.07 
0.38 0.07 
0.34 0.06 
0.34 0.06 
0.45 0.08 
0.43 0.07 
0.39 0.07 
0.38 0.06 
0.29 0.05 
0.37 0.06 
0.34 0.06 
0.43 0.07 
0.41 0.07 
0.34 0.06 
0.41 0.07 
0.31 0.05 


0.31 0.04 
0.24 0.03 
0.28 0.03 
0.30 0.04 
0.30 0.04 
0.31 0.04 
0.28 0.03 
0.26 0.03 
0.28 0.03 
0.31 0.04 
0.28 0.03 
0.31 0.04 
0.33 0.04 
0.37 0.04 
0.33 0.04 
0.38 0.05 
0.41 0.05 
0.41 0.05 
0.38 0.05 
0.43 0.05 
0.45 0.05 
0.40 0.05 


u.4i! i o.ya u.zy e.od 

0.21 76.06 0.29 8.88 

0.00 75.87 0.29 8.82 

0.21 75.66 0.29 8.94 

0.42 75.34 0.28 9.41 

0.63 75.22 0.28 9.65 


U.IZ 4.44 U. 14 o.oy 

0.12 4.32 0.14 5.58 

0.12 4.35 0.14 5.80 

0.12 4.41 0.14 5.79 

0.12 4.33 0.14 5.69 

0.13 4.22 0.13 5.68 


u.u i.4d u.uy ^.yo u.io 

0.13 1.40 0.09 2.94 0.16 

0.13 1.56 0.10 2.82 0.15 

0.13 1.54 0.09 2.83 0.15 

0.13 1.50 0.09 2.88 0.15 

0.13 1.47 0.09 2.91 0.15 


U.dZ U.UO U.4z U.UO 

0.36 0.06 0.46 0.06 

0.35 0.06 0.44 0.05 

0.35 0.06 0.47 0.06 

0.38 0.07 0.47 0.06 

0.36 0.06 0.50 0.06 


141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 
161 
162 

163 

164 

165 

166 
167 


170 

171 

172 

173 

174 


0.85 74.60 0.28 9.89 

1.06 74.43 0.28 10.42 

1.27 74.46 0.28 10.70 

1.48 74.29 0.28 10.83 

1.69 74.29 0.28 11.15 

1.90 74.10 0.28 11.51 

2.11 74.02 0.28 11.86 

2.32 73.94 0.28 11.85 

2.54 73.87 0.28 12.12 

2.75 74.10 0.28 12.20 

2.96 74.06 0.28 12.29 

3.17 73.76 0.28 12.45 

3.38 73.88 0.28 12.60 

3.59 74.00 0.28 12.61 

3.80 74.07 0.28 12.70 

4.01 74.05 0.28 12.76 

4.23 74.17 0.28 12.67 

4.44 74.34 0.28 12.65 

4.65 74.16 0.28 12.81 

4.86 74.28 0.28 12.87 

5.07 73.96 0.28 12.91 

5.28 73.94 0.28 12.89 

5.49 74.14 0.28 12.98 

5.70 74.17 0.28 13.08 

5.92 74.11 0.28 12.95 

6.13 74.10 0.28 13.08 

6.34 74.23 0.28 13.09 

6.55 74.24 0.28 13.25 

6.76 73.98 0.28 13.38 

6.97 73.89 0.28 13.49 

7.18 73.78 0.28 13.40 

7.39 73.99 0.28 13.39 

7.61 73.99 0.28 13.43 

7.82 74.01 0.28 13.48 


0.13 4.21 0.13 5.77 

0.14 4.34 0.14 5.86 

0.14 4.29 0.13 5.84 

0.14 4.17 0.13 5.91 

0.15 4.09 0.13 5.97 

0.15 4.09 0.13 6.10 

0.16 4.06 0.13 6.09 

0.16 4.01 0.13 6.17 

0.16 3.95 0.12 6.13 

0.16 3.84 0.12 6.17 

0.16 3.77 0.12 6.21 

0.16 3.75 0.12 6.15 

0.17 3.71 0.12 6.14 

0.17 3.56 0.11 6.16 

0.17 3.55 0.11 6.05 

0.17 3.55 0.11 5.98 

0.17 3.37 0.11 5.98 

0.17 3.32 0.10 6.16 

0.17 3.38 0.11 6.07 

0.17 3.32 0.10 5.96 

0.17 3.31 0.10 6.02 

0.17 3.24 0.10 6.04 

0.17 3.10 0.10 6.05 

0.17 3.16 0.10 5.87 

0.17 3.08 0.10 5.98 

0.17 3.15 0.10 5.80 

0.17 3.13 0.10 5.70 

0.18 3.01 0.09 5.60 

0.18 3.07 0.10 5.71 

0.18 3.05 0.10 5.55 

0.18 3.05 0.10 5.69 

0.18 3.03 0.10 5.49 

0.18 3.00 0.09 5.53 

0.18 2.91 0.09 5.52 


0.13 1.44 0.09 3.27 0.17 

0.13 1.34 0.08 2.76 0.15 

0.13 1.33 0.08 2.57 0.14 

0.13 1.32 0.08 2.62 0.14 

0.14 1.22 0.07 2.54 0.14 

0.14 1.15 0.07 2.30 0.12 

0.14 1.07 0.07 2.12 0.11 

0.14 1.04 0.06 2.19 0.12 

0.14 1.02 0.06 2.13 0.11 

0.14 0.93 0.06 2.04 0.11 

0.14 0.91 0.06 2.00 0.11 

0.14 0.92 0.06 2.20 0.12 

0.14 0.90 0.05 2.05 0.11 

0.14 0.89 0.05 2.06 0.11 

0.14 0.83 0.05 2.07 0.11 

0.14 0.82 0.05 2.08 0.11 

0.14 0.84 0.05 2.18 0.12 

0.14 0.76 0.05 2.08 0.11 

0.14 0.83 0.05 2.01 0.11 

0.13 0.89 0.05 1.97 0.10 

0.14 0.90 0.06 2.06 0.11 

0.14 0.85 0.05 2.25 0.12 

0.14 0.92 0.06 2.00 0.11 

0.13 0.95 0.06 2.02 0.11 

0.14 0.93 0.06 2.18 0.12 

0.13 0.97 0.06 2.13 0.11 

0.13 0.94 0.06 2.14 0.11 

0.13 0.94 0.06 2.12 0.11 

0.13 0.98 0.06 2.14 0.11 

0.13 1.03 0.06 2.19 0.12 

0.13 1.06 0.06 2.29 0.12 

0.12 0.99 0.06 2.35 0.12 

0.13 0.95 0.06 2.30 0.12 

0.13 1.03 0.06 2.24 0.12 


0.37 0.06 0.46 0.05 

0.37 0.06 0.47 0.06 

0.36 0.06 0.44 0.05 

0.43 0.07 0.43 0.05 

0.31 0.05 0.42 0.05 

0.29 0.05 0.46 0.06 

0.35 0.06 0.42 0.05 

0.34 0.06 0.46 0.05 

0.37 0.06 0.41 0.05 

0.36 0.06 0.37 0.04 

0.36 0.06 0.40 0.05 

0.32 0.06 0.44 0.05 

0.29 0.05 0.44 0.05 

0.33 0.06 0.40 0.05 

0.33 0.06 0.39 0.05 

0.33 0.06 0.42 0.05 

0.37 0.06 0.42 0.05 

0.31 0.05 0.38 0.05 

0.33 0.06 0.41 0.05 

0.35 0.06 0.37 0.04 

0.39 0.07 0.45 0.05 

0.36 0.06 0.42 0.05 

0.43 0.07 0.38 0.05 

0.36 0.06 0.38 0.05 

0.39 0.07 0.38 0.05 

0.37 0.06 0.40 0.05 

0.37 0.06 0.41 0.05 

0.37 0.06 0.45 0.05 

0.30 0.05 0.44 0.05 

0.34 0.06 0.47 0.06 

0.32 0.05 0.42 0.05 

0.34 0.06 0.42 0.05 

0.38 0.06 0.41 0.05 

0.38 0.06 0.43 0.05 
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18 2.96 0.09 5.52 0.12 1.13 0.07 

2.20 

0.12 

0.33 

0.06 

0.42 

504 

0.05 

176 

8.24 73.8 

5 0.28 

13.32 0 

18 2.98 

0.09 5.53 

0.13 

1.10 

0.07 

2.48 

0.13 

0.34 

0.06 

0.40 

0.05 

177 

8.45 74.1 

9 0.28 

13.32 0 

18 2.88 

0.09 5.46 

0.12 

1.15 

0.07 

2.25 

0.12 

0.34 

0.06 

0.40 

0.05 

178 

8.66 74.1 

8 0.28 

13.18 0 

17 2.95 

0.09 5.45 

0.12 

1.09 

0.07 

2.37 

0.13 

0.34 

0.06 

0.43 

0.05 

179 

8.87 73.8 

7 0.28 

13.49 0 

18 2.95 

0.09 5.43 

0.12 

1.12 

0.07 

2.33 

0.12 

0.39 

0.07 

0.43 

0.05 

180 

9.08 73.9 

1 0.28 

13.38 0 

18 2.97 

0.09 5.40 

0.12 

1.17 

0.07 

2.35 

0.13 

0.39 

0.07 

0.43 

0.05 

181 

9.30 73.9 

6 0.28 

13.52 0 

18 2.93 

0.09 5.26 

0.12 

1.19 

0.07 

2.30 

0.12 

0.35 

0.06 

0.49 

0.06 

182 

9.51 74.1 

0 0.28 

13.34 0 

18 2.97 

0.09 5.34 

0.12 

1.14 

0.07 

2.32 

0.12 

0.35 

0.06 

0.43 

0.05 

183 

9.72 74.0 

4 0.28 

13.49 0 

18 2.91 

0.09 5.33 

0.12 

1.17 

0.07 

2.28 

0.12 

0.34 

0.06 

0.45 

0.05 

184 

9.93 74.1 

3 0.28 

13.40 0 

18 2.80 

0.09 5.30 

0.12 

1.14 

0.07 

2.36 

0.13 

0.39 

0.07 

0.48 

0.06 

185 

10.14 74.2 

1 0.28 

13.36 0 

18 2.83 

0.09 5.23 

0.12 

1.13 

0.07 

2.44 

0.13 

0.38 

0.07 

0.42 

0.05 

186 

10.35 73.9 

'1 0.28 

13.47 0 

18 2.81 

0.09 5.30 

0.12 

1.27 

0.08 

2.46 

0.13 

0.35 

0.06 

0.42 

0.05 

187 

10.56 73.9 

0 0.28 

13.42 0 

18 2.93 

0.09 5.35 

0.12 

1.20 

0.07 

2.32 

0.12 

0.41 

0.07 

0.47 

0.06 

188 

10.77 74.0 

6 0.28 

13.57 0 

18 2.93 

0.09 5.18 

0.12 

1.20 

0.07 

2.26 

0.12 

0.32 

0.06 

0.48 

0.06 

189 

10.99 74.2 

0 0.28 

13.37 0 

18 2.90 

0.09 5.11 

0.12 

1.18 

0.07 

2.42 

0.13 

0.34 

0.06 

0.48 

0.06 
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Agglomerate FLD10.L 


Table J.7: Major element compositions (as wt.% oxides) from a line traverse across the interface of exterior 
agglomerate FLD10.L (from agglomerate FLD10.L to host FLD10) extracted from quantified EDS composi¬ 
tional maps. The EDS compositional maps were collected at a resolution of 6.3 pixels/pm. The smoothing 
width for this traverse was 125 pixels (19.8 pm) wide. This is a double-layered CaMgFe and Si interface, 
but has been centered at x = 0 based on the FeO maximum. Peak points within 2a of the FeO maximum 
are |§|;hlighted in yellovjf. Uncertainties are 2SEOM. 


Position 

Pt. (fj.ni) Si02 2 a AI2O3 

1 -8.73 74.99 0.12 IT58" 

2 -8.57 74.85 0.12 13.59 

3 -8.41 74.96 0.12 13.50 

4 -8.25 74.87 0.12 13.48 

5 -8.10 74.85 0.12 13.51 

6 -7.94 74.91 0.12 13.52 

7 -7.78 74.97 0.12 13.52 

8 -7.62 74.94 0.12 13.52 

9 -7.46 74.89 0.12 13.54 

10 -7.30 74.85 0.12 13.49 

11 -7.14 74.97 0.12 13.56 

12 -6.98 75.01 0.12 13.49 

13 -6.83 74.95 0.12 13.44 

14 -6.67 74.77 0.12 13.50 

15 -6.51 74.99 0.12 13.49 

16 -6.35 74.97 0.12 13.50 

17 -6.19 74.97 0.12 13.53 

18 -6.03 74.85 0.12 13.52 

19 -5.87 74.94 0.12 13.51 

20 -5.71 74.92 0.12 13.44 

21 -5.56 74.91 0.12 13.44 

22 -5.40 74.99 0.12 13.41 

23 -5.24 75.00 0.12 13.41 

24 -5.08 74.98 0.12 13.41 

25 -4.92 75.03 0.12 13.55 

26 -4.76 75.07 0.12 13.50 

27 -4.60 74.97 0.12 13.38 

28 -4.44 74.99 0.12 13.34 

29 -4.29 74.96 0.12 13.31 

30 -4.13 74.99 0.12 13.34 

31 -3.97 75.11 0.12 13.43 

32 -3.81 75.03 0.12 13.44 

33 -3.65 74.95 0.12 13.42 

34 -3.49 75.05 0.12 13.38 

35 -3.33 75.11 0.12 13.37 

36 -3.17 75.05 0.12 13.37 

37 -3.02 75.08 0.12 13.37 

38 -2.86 75.04 0.12 13.31 

39 -2.70 75.13 0.12 13.32 

40 -2.54 75.03 0.12 13.28 

41 -2.38 75.05 0.12 13.31 

42 -2.22 75.17 0.12 13.25 

43 -2.06 75.04 0.12 13.24 

44 -1.90 75.05 0.12 13.23 

45 -1.75 75.19 0.12 13.23 

46 -1.59 75.12 0.12 13.17 

47 -1.43 75.10 0.12 13.14 

48 -1.27 75.27 0.12 13.07 

49 -1.11 75.13 0.12 13.06 

50 -0.95 75.18 0.12 13.04 


2a 

"005“ 


0.05 

0.05 

0.05 

0.05 

0.05 


0.05 

0.05 


0.05 


0.05 

0.05 


0.05 


0.05 

0.05 


0.05 


0.05 

0.05 


0.05 

0.05 

0.05 

0.05 

0.05 


0.05 

0.05 

0.05 

0.05 

0.05 


0.05 


Na 2 Q 

0.73 

0.73 

0.70 

0.71 

0.74 


0.67 

0.72 

0.66 

0.67 

0.67 

0.70 

0.70 


0.70 

0.70 

0.67 


0.72 


0.66 

0.65 

0.62 


0.58 

0.64 

0.66 

0.62 


0.62 

0.58 

0.58 

0.58 


2a 

"003“ 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 


K 2 Q 2 a 

3.92 0.04 

3.93 0.04 

3.94 0.04 
3.99 0.04 
4.00 0.04 

3.98 0.04 

3.92 0.04 
3.94 0.04 
3.96 0.04 
3.94 0.04 
3.96 0.04 

3.96 0.04 
4.00 0.04 
4.00 0.04 

3.97 0.04 

3.94 0.04 

3.95 0.04 

3.93 0.04 

3.97 0.04 

3.99 0.04 

3.98 0.04 

3.94 0.04 

3.95 0.04 

3.98 0.04 

3.96 0.04 
3.93 0.04 

3.96 0.04 

3.99 0.04 
3.95 0.04 
4.00 0.04 

3.95 0.04 

3.92 0.04 

3.96 0.04 

3.96 0.04 

3.93 0.04 
3.99 0.04 
4.02 0.04 
3.98 0.04 

3.97 0.04 
3.96 0.04 

3.98 0.04 
4.01 0.04 
4.00 0.04 

3.98 0.04 

3.99 0.04 
3.96 0.04 
3.98 0.04 
3.93 0.04 
3.98 0.04 
3.98 0.04 


CaO 2 a 
2.60 0.05 

2.60 0.05 

2.67 0.05 

2.68 0.05 
2.62 0.05 
2.64 0.05 

2.62 0.05 

2.63 0.05 

2.66 0.05 

2.61 0.05 

2.60 0.05 

2.64 0.05 

2.65 0.05 

2.62 0.05 
2.65 0.05 

2.61 0.05 
2.60 0.05 

2.63 0.05 

2.64 0.05 
2.63 0.05 

2.63 0.05 

2.55 0.05 
2.68 0.05 

2.67 0.05 

2.59 0.05 
2.57 0.05 

2.62 0.05 

2.65 0.05 

2.68 0.05 

2.60 0.05 
2.57 0.05 
2.60 0.05 

2.64 0.05 

2.66 0.05 

2.65 0.05 
2.68 0.05 
2.65 0.05 

2.59 0.05 

2.63 0.05 

2.56 0.05 
2.50 0.05 

2.60 0.05 
2.62 0.05 
2.55 0.05 
2.48 0.05 
2.55 0.05 

2.54 0.05 

2.55 0.05 

2.53 0.05 

2.54 0.05 


FeO 2 a Ti0 2 

3.07 0.10 038" 

3.18 0.10 0.37 

3.08 0.10 0.36 

3.15 0.10 0.34 

3.16 0.10 0.36 

3.16 0.10 0.33 

3.17 0.10 0.37 

3.22 0.10 0.31 

3.23 0.10 0.33 

3.23 0.10 0.41 

3.13 0.10 0.40 

3.16 0.10 0.41 

3.21 0.10 0.36 

3.31 0.11 0.36 

3.10 0.10 0.39 

3.24 0.10 0.35 

3.15 0.10 0.34 

3.21 0.10 0.41 

3.15 0.10 0.33 

3.27 0.10 0.36 

3.28 0.10 0.36 

3.24 0.10 0.38 

3.14 0.10 0.37 

3.19 0.10 0.38 

3.11 0.10 0.35 

3.21 0.10 0.36 

3.20 0.10 0.39 

3.19 0.10 0.39 

3.24 0.10 0.42 

3.24 0.10 0.39 

3.14 0.10 0.36 

3.18 0.10 0.36 

3.27 0.10 0.38 

3.26 0.10 0.32 

3.18 0.10 0.36 

3.19 0.10 0.34 

3.16 0.10 0.33 

3.31 0.11 0.36 

3.20 0.10 0.39 

3.37 0.11 0.40 

3.33 0.11 0.40 

3.25 0.10 0.35 

3.32 0.11 0.40 

3.35 0.11 0.39 

3.32 0.11 0.39 

3.46 0.11 0.35 

3.50 0.11 0.33 

3.44 0.11 0.35 

3.56 0.11 0.38 

3.57 0.11 0.37 


2a- 

“OO T 


0.04 

0.04 

0.03 

0.04 

0.03 

0.03 

0.04 

0.04 

0.04 


0.04 


0.04 


0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 


0.04 

0.04 

0.03 

0.04 

0.04 


0.04 

0.04 


0.04 

0.04 

0.04 

0.04 


0.04 


MgO 2 ct 
0.53 0.03 
0.54 0.03 
0.54 0.03 
0.57 0.03 
0.55 0.03 
0.54 0.03 
0.53 0.03 
0.54 0.03 
0.53 0.03 
0.53 0.03 
0.53 0.03 
0.52 0.03 
0.54 0.03 
0.53 0.03 
0.54 0.03 
0.53 0.03 
0.54 0.03 
0.53 0.03 
0.54 0.03 
0.55 0.03 
0.53 0.03 
0.58 0.04 
0.56 0.03 
0.54 0.03 
0.56 0.03 
0.54 0.03 
0.53 0.03 
0.54 0.03 
0.57 0.03 
0.55 0.03 
0.55 0.03 
0.58 0.04 
0.55 0.03 
0.53 0.03 
0.58 0.04 
0.56 0.03 
0.55 0.03 
0.56 0.03 
0.57 0.03 
0.55 0.03 
0.55 0.03 
0.52 0.03 
0.55 0.03 
0.57 0.03 
0.54 0.03 
0.54 0.03 
0.57 0.03 
0.59 0.04 
0.55 0.03 
0.52 0.03 
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51 - 0.79 74.99 0.12 13.03 0.05 0.60 0.03 3.92 0.04 2.53 0.05 3.78 0.12 0.37 0.04 0.54 0.03 

52 - 0.63 74.95 0.12 12.95 0.05 0.61 0.03 3.95 0.04 2.53 0.05 3.84 0.12 0.36 0.04 0.57 0.03 


- 0.32 74.84 0.12 12.83 0.05 0.58 0.03 3.90 0.04 2.58 0.05 4.12 0.13 0.40 0.04 0.58 0.04 


- 0.16 74.93 0.12 
0.00 74.97 0.12 
0.16 75.25 0.12 
0.32 75.45 0.13 
0.48 75.69 0.13 
0.63 75.97 0.13 


12.84 0.05 
12.73 0.05 
12.54 0.05 
12.47 0.05 
12.30 0.05 
12.14 0.05 


0.55 0.02 
0.53 0.02 
0.55 0.02 
0.53 0.02 
0.53 0.02 
0.52 0.02 


3.93 0.04 
3.91 0.04 

3.91 0.04 

3.93 0.04 

3.94 0.04 

3.92 0.04 


2.50 0.05 4.08 0.13 
2.54 0.05 4.16 0.13 
2.47 0.05 4.14 0.13 
2.42 0.05 4.05 0.13 
2.36 0.04 4.08 0.13 
2.25 0.04 4.03 0.13 


0.38 0.04 
0.35 0.04 
0.37 0.04 
0.39 0.04 
0.37 0.04 
0.41 0.04 


0.61 0.04 
0.59 0.04 
0.58 0.04 
0.56 0.03 
0.53 0.03 
0.55 0.03 


61 

62 

63 

64 

65 

66 

67 

68 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 


82 

83 

84 

85 

86 
87 


91 

92 


95 

96 

97 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 


0.79 76.39 0.13 
0.95 76.69 0.13 
1.11 77.13 0.13 
1.27 77.41 0.13 

1.43 77.40 0.13 

1.59 77.74 0.13 

1.75 77.67 0.13 
1.90 77.70 0.13 
2.06 77.79 0.13 
2.22 77.83 0.13 
2.38 77.91 0.13 
2.54 77.81 0.13 

2.70 77.98 0.13 

2.86 77.96 0.13 

3.02 77.94 0.13 
3.17 77.89 0.13 
3.33 77.86 0.13 
3.49 77.77 0.13 
3.65 77.75 0.13 
3.81 77.74 0.13 

3.97 77.71 0.13 

4.13 77.64 0.13 

4.29 77.61 0.13 

4.44 77.66 0.13 

4.60 77.51 0.13 

4.76 77.64 0.13 
4.92 77.63 0.13 
5.08 77.41 0.13 

5.24 77.48 0.13 

5.40 77.54 0.13 

5.56 77.29 0.13 

5.71 77.22 0.13 

5.87 77.36 0.13 

6.03 77.18 0.13 
6.19 77.26 0.13 
6.35 77.06 0.13 
6.51 77.03 0.13 

6.67 76.98 0.13 
6.83 76.98 0.13 

6.98 77.01 0.13 

7.14 76.92 0.13 

7.30 76.81 0.13 
7.46 76.68 0.13 
7.62 76.83 0.13 
7.78 76.82 0.13 
7.94 76.78 0.13 
8.10 76.83 0.13 

8.25 76.63 0.13 

8.41 76.55 0.13 

8.57 76.62 0.13 
8.73 76.49 0.13 
8.89 76.57 0.13 


12.09 0.05 
12.03 0.05 
11.98 0.05 
11.93 0.05 
11.98 0.05 
12.03 0.05 
12.04 0.05 
12.05 0.05 
12.03 0.05 
12.08 0.05 
12.13 0.05 
12.16 0.05 
12.10 0.05 
12.15 0.05 
12.26 0.05 

12.33 0.05 
12.32 0.05 

12.34 0.05 
12.32 0.05 

12.41 0.05 
12.50 0.05 
12.47 0.05 
12.45 0.05 

12.42 0.05 
12.47 0.05 

12.50 0.05 

12.51 0.05 
12.56 0.05 
12.59 0.05 
12.63 0.05 
12.63 0.05 
12.68 0.05 
12.65 0.05 

12.67 0.05 

12.68 0.05 
12.70 0.05 
12.78 0.05 

12.76 0.05 

12.77 0.05 
12.81 0.05 
12.80 0.05 

12.76 0.05 

12.77 0.05 

12.78 0.05 
12.77 0.05 
12.83 0.05 
12.87 0.05 
12.85 0.05 

12.89 0.05 

12.90 0.05 
12.87 0.05 

12.91 0.05 


0.51 0.02 
0.53 0.02 
0.52 0.02 
0.51 0.02 
0.50 0.02 
0.52 0.02 
0.52 0.02 
0.50 0.02 
0.48 0.02 
0.51 0.02 
0.49 0.02 
0.51 0.02 
0.54 0.02 
0.52 0.02 
0.52 0.02 
0.49 0.02 
0.52 0.02 
0.54 0.02 
0.54 0.02 
0.56 0.03 
0.53 0.02 
0.54 0.02 
0.54 0.02 
0.56 0.03 
0.54 0.02 
0.55 0.03 
0.54 0.02 
0.53 0.02 
0.52 0.02 
0.54 0.02 
0.56 0.03 
0.56 0.03 
0.56 0.03 
0.56 0.03 
0.52 0.02 
0.55 0.02 
0.54 0.02 
0.54 0.02 
0.54 0.02 
0.52 0.02 
0.55 0.03 
0.54 0.02 
0.55 0.02 
0.52 0.02 
0.55 0.02 
0.55 0.02 
0.56 0.03 
0.57 0.03 
0.59 0.03 
0.54 0.02 
0.57 0.03 
0.56 0.03 


3.91 0.04 

3.94 0.04 

3.92 0.04 

3.95 0.04 

3.97 0.04 

3.93 0.04 

3.98 0.04 

3.97 0.04 

3.94 0.04 
4.01 0.04 
4.02 0.04 
4.03 0.04 
4.02 0.04 

3.98 0.04 
4.01 0.04 
4.01 0.04 

3.99 0.04 

3.96 0.04 
4.01 0.04 
3.99 0.04 
4.00 0.04 
3.96 0.04 
3.99 0.04 

3.95 0.04 
3.98 0.04 
3.95 0.04 

3.92 0.04 

3.93 0.04 

3.95 0.04 

3.90 0.04 

3.92 0.04 

3.96 0.04 

3.93 0.04 

3.91 0.04 
3.95 0.04 

3.97 0.04 

3.98 0.04 
3.98 0.04 
3.97 0.04 

3.95 0.04 

3.96 0.04 
3.96 0.04 
3.96 0.04 

3.91 0.04 

3.93 0.04 

3.94 0.04 

3.92 0.04 

3.90 0.04 

3.93 0.04 
3.86 0.04 

3.91 0.04 
3.90 0.04 


2.12 0.04 
2.04 0.04 
1.94 0.04 
1.88 0.04 

1.88 0.04 
1.77 0.03 

1.77 0.03 
1.79 0.03 

1.67 0.03 

1.66 0.03 

1.68 0.03 
1.76 0.03 

1.68 0.03 

1.67 0.03 

1.68 0.03 

1.69 0.03 
1.64 0.03 
1.61 0.03 

1.70 0.03 

1.69 0.03 
1.72 0.03 

1.71 0.03 
1.69 0.03 

1.71 0.03 
1.76 0.03 
1.68 0.03 
1.66 0.03 

1.72 0.03 
1.68 0.03 
1.68 0.03 

1.73 0.03 

1.74 0.03 

1.75 0.03 
1.79 0.03 
1.81 0.03 

1.83 0.03 

1.78 0.03 
1.90 0.04 

1.84 0.04 

1.85 0.04 
1.84 0.03 

1.83 0.03 

1.84 0.04 

1.86 0.04 

1.85 0.04 

1.83 0.03 

1.76 0.03 

1.84 0.04 

1.90 0.04 

1.91 0.04 
1.93 0.04 

1.89 0.04 


3.82 0.12 

3.69 0.12 
3.49 0.11 
3.32 0.11 
3.20 0.10 
3.00 0.10 
3.00 0.10 
3.00 0.10 
3.06 0.10 

2.87 0.09 

2.79 0.09 

2.71 0.09 
2.68 0.09 

2.73 0.09 
2.58 0.08 
2.58 0.08 
2.61 0.08 
2.68 0.09 
2.65 0.08 

2.64 0.08 
2.58 0.08 
2.67 0.09 
2.67 0.09 

2.72 0.09 

2.70 0.09 

2.65 0.08 

2.74 0.09 

2.80 0.09 
2.78 0.09 
2.70 0.09 

2.74 0.09 

2.81 0.09 

2.77 0.09 
2.85 0.09 

2.75 0.09 
2.85 0.09 

2.88 0.09 

2.78 0.09 
2.81 0.09 
2.74 0.09 

2.83 0.09 
3.04 0.10 
3.06 0.10 
3.00 0.10 
2.97 0.10 
2.99 0.10 
3.02 0.10 
3.09 0.10 
3.06 0.10 
3.08 0.10 
3.14 0.10 
3.10 0.10 


0.42 0.04 
0.37 0.04 
0.34 0.04 
0.35 0.04 
0.38 0.04 
0.33 0.03 
0.34 0.03 
0.31 0.03 
0.36 0.04 
0.37 0.04 
0.31 0.03 
0.35 0.04 
0.37 0.04 
0.36 0.04 
0.37 0.04 
0.31 0.03 
0.40 0.04 
0.40 0.04 
0.35 0.04 
0.33 0.03 
0.33 0.03 
0.34 0.04 
0.32 0.03 
0.33 0.03 
0.37 0.04 
0.34 0.03 
0.34 0.03 
0.35 0.04 
0.34 0.04 
0.33 0.03 
0.38 0.04 
0.33 0.03 
0.32 0.03 
0.37 0.04 
0.39 0.04 
0.35 0.04 
0.35 0.04 
0.39 0.04 
0.37 0.04 
0.38 0.04 
0.36 0.04 
0.32 0.03 
0.41 0.04 
0.39 0.04 
0.41 0.04 
0.37 0.04 
0.37 0.04 
0.39 0.04 
0.37 0.04 
0.35 0.04 
0.33 0.03 
0.35 0.04 


0.53 0.03 
0.51 0.03 
0.47 0.03 
0.46 0.03 
0.44 0.03 
0.49 0.03 
0.46 0.03 
0.47 0.03 
0.47 0.03 
0.48 0.03 
0.44 0.03 
0.48 0.03 
0.46 0.03 
0.42 0.03 
0.45 0.03 
0.47 0.03 
0.43 0.03 
0.44 0.03 
0.46 0.03 
0.44 0.03 
0.45 0.03 
0.46 0.03 
0.48 0.03 
0.43 0.03 
0.47 0.03 
0.48 0.03 
0.47 0.03 
0.46 0.03 
0.47 0.03 
0.47 0.03 
0.51 0.03 
0.49 0.03 
0.50 0.03 
0.48 0.03 
0.46 0.03 
0.47 0.03 
0.48 0.03 
0.46 0.03 
0.50 0.03 
0.51 0.03 
0.51 0.03 
0.51 0.03 
0.52 0.03 
0.49 0.03 
0.49 0.03 
0.50 0.03 
0.48 0.03 
0.52 0.03 
0.52 0.03 
0.53 0.03 
0.53 0.03 
0.53 0.03 
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113 9.05 76.60 0.13 12.82 0.05 

114 9.21 76.47 0.13 12.90 0.05 

115 9.37 76.30 0.13 12.98 0.05 

116 9.52 76.34 0.13 12.92 0.05 

117 9.68 76.48 0.13 12.97 0.05 

118 9.84 76.36 0.13 13.05 0.05 

119 10.00 76.25 0.13 13.05 0.05 

120 10.16 76.26 0.13 13.04 0.05 


0.55 0.03 3.88 0.04 1.91 0.04 

0.59 0.03 3.89 0.04 1.96 0.04 

0.56 0.03 3.91 0.04 1.96 0.04 

0.58 0.03 3.92 0.04 1.94 0.04 

0.57 0.03 3.92 0.04 1.92 0.04 

0.57 0.03 3.90 0.04 1.90 0.04 

0.59 0.03 3.91 0.04 1.98 0.04 

0.56 0.03 3.91 0.04 1.99 0.04 


3.20 0.10 0.34 0.04 0.51 0.03 

3.08 0.10 0.37 0.04 0.52 0.03 

3.13 0.10 0.38 0.04 0.53 0.03 

3.23 0.10 0.35 0.04 0.52 0.03 

3.08 0.10 0.34 0.04 0.52 0.03 

3.14 0.10 0.33 0.03 0.53 0.03 

3.18 0.10 0.34 0.04 0.50 0.03 

3.18 0.10 0.32 0.03 0.50 0.03 
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Agglomerate FLD14.L 


Table J.8: Major element compositions (as wt.% oxides) from a line traverse across the interface of exterior 
agglomerate FLD14.L (from agglomerate FLD14.L to host FLD14) extracted from quantified EDS composi¬ 
tional maps. The EDS compositional maps were collected at a resolution of 2.5 pixels/pm. The smoothing 
width for this traverse was 150 pixels (60.5 pm) wide. This is a CaMgFe interface and has been centered at 
x = 0 based on the FeO maximum. Peak points within 2 a of the FeO maximum are ^jpighted in yellow. 
Uncertainties are 2SEOM. 


Position 
Pt. (|im) 

1 -33.47 

2 -33.06 

3 -32.66 

4 -32.26 

5 -31.85 

6 -31.45 

7 -31.05 

8 -30.65 

9 -30.24 

10 -29.84 

11 -29.44 

12 -29.03 

13 -28.63 

14 -28.23 

15 -27.82 

16 -27.42 

17 -27.02 

18 -26.61 

19 -26.21 

20 -25.81 

21 -25.40 

22 -25.00 

23 -24.60 

24 -24.19 

25 -23.79 

26 -23.39 

27 -22.98 

28 -22.58 

29 -22.18 

30 -21.77 

31 -21.37 

32 -20.97 

33 -20.56 

34 -20.16 

35 -19.76 

36 -19.35 

37 -18.95 

38 -18.55 

39 -18.15 

40 -17.74 

41 -17.34 

42 -16.94 

43 -16.53 

44 -16.13 

45 -15.73 

46 -15.32 

47 -14.92 

48 -14.52 

49 -14.11 

50 -13.71 


SiC>2 2 a 

75.15 0.30 

75.24 0.30 

75.30 0.30 

75.20 0.30 
75.26 0.30 

75.23 0.30 

75.17 0.30 
75.36 0.30 
75.32 0.30 

75.38 0.30 
75.49 0.30 
75.47 0.30 
75.61 0.30 
75.40 0.30 

75.47 0.30 
75.53 0.30 

75.52 0.30 

75.44 0.30 

75.48 0.30 
75.61 0.30 
75.77 0.30 
75.77 0.30 
75.77 0.30 
75.82 0.30 
75.74 0.30 
75.74 0.30 
75.67 0.30 
75.93 0.30 

76.15 0.30 
76.07 0.30 
76.12 0.30 
75.98 0.30 
76.02 0.30 

76.18 0.30 

76.23 0.30 
76.01 0.30 
76.05 0.30 
76.14 0.30 

76.21 0.30 
76.00 0.30 
76.21 0.30 
76.12 0.30 

76.31 0.30 
76.35 0.30 

76.38 0.30 

76.39 0.30 

76.25 0.30 

76.53 0.30 

76.44 0.30 
76.58 0.30 


AI2O3 

12.25 
12.16 
12.15 
12.05 
11.99 
12.04 
12.05 

11.97 

11.98 
11.94 
11.92 
12.04 

11.94 

11.95 
12.02 
12.07 
11.91 
11.87 
11.91 

11.79 

11.80 
11.86 
11.82 
11.68 
11.75 

11.84 

11.85 
11.72 
11.69 
11.64 
11.71 
11.66 
11.62 
11.57 
11.57 
11.66 
11.50 
11.49 
11.64 
11.52 
11.56 

11.41 
11.44 
11.46 

11.42 

11.29 
11.33 

11.30 

11.25 
11.29 


2a 

"oTT 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.18 

0.17 

0.17 

0.18 

0.18 

0.17 

0.17 

0.18 

0.18 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 

0.17 


Na 2 Q 

2.36 

2.31 
2.36 

2.39 
2.38 
2.34 
2.34 

2.38 

2.36 

2.43 

2.37 

2.32 

2.40 

2.41 
2.41 

2.41 

2.44 
2.37 

2.42 
2.41 

2.43 
2.47 

2.44 
2.36 
2.43 

2.39 


2.39 


2.41 

2.47 

2.51 
2.47 
2.50 
2.33 
2.54 
2.59 

2.58 

2.52 

2.57 

2.59 
2.56 
2.52 

2.58 
2.68 

2.60 
2.65 
2.58 


2 a 

"oIT 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.12 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.12 

0.11 

0.11 

0.11 

0.12 

0.12 

0.12 

0.11 

0.12 

0.11 

0.12 

0.12 

0.11 

0.12 

0.12 

0.11 

0.12 

0.12 

0.12 

0.12 

0.11 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 
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0.10 
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0.29 

12.79 

19 

2.16 
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511 


Agglomerate FLD18.1 


Table J.9: Major element compositions (as wt.% oxides) from a line traverse across the interface of exterior 
agglomerate FLD18.1 (from agglomerate FLD18.1 to host FLD18) extracted from quantified EDS composi¬ 
tional maps. The EDS compositional maps were collected at a resolution of 11.5 pixels/pm. The smoothing 
width for this traverse was 175 pixels (15.2 pm) wide. This is a CaMgFe interface and has been centered at 
x = 0 based on the FeO maximum. Peak points within 2cr of the FeO maximum are ^jpighted in yellow. 
Uncertainties are 2SEOM. 


Position 

Pt. ( fj . ni ) Si02 2 a AI2O3 

1 -5.83 74.10 0.20 ToTT 

2 -5.74 74.08 0.20 13.12 

3 -5.65 74.16 0.20 13.06 

4 -5.56 74.13 0.20 13.08 

5 -5.48 74.19 0.20 13.08 

6 -5.39 74.10 0.20 13.16 

7 -5.30 73.92 0.20 13.22 

8 -5.22 74.15 0.20 13.11 

9 -5.13 74.19 0.20 13.01 

10 -5.04 74.25 0.20 13.03 

11 -4.96 74.14 0.20 13.05 

12 -4.87 74.10 0.20 13.08 

13 -4.78 73.93 0.20 13.21 

14 -4.70 74.09 0.20 13.18 

15 -4.61 74.20 0.20 13.06 

16 -4.52 74.10 0.20 13.04 

17 -4.43 74.09 0.20 13.07 

18 -4.35 74.27 0.20 13.07 

19 -4.26 73.99 0.20 13.10 

20 -4.17 73.97 0.20 13.11 

21 -4.09 73.91 0.20 13.12 

22 -4.00 73.95 0.20 13.20 

23 -3.91 73.95 0.20 13.09 

24 -3.83 74.07 0.20 13.04 

25 -3.74 74.05 0.20 13.09 

26 -3.65 74.17 0.20 13.12 

27 -3.56 73.99 0.20 13.08 

28 -3.48 74.02 0.20 13.06 

29 -3.39 74.07 0.20 13.08 

30 -3.30 73.99 0.20 13.10 

31 -3.22 74.03 0.20 13.10 

32 -3.13 73.96 0.20 13.11 

33 -3.04 74.23 0.20 13.02 

34 -2.96 74.30 0.20 12.95 

35 -2.87 74.05 0.20 12.95 

36 -2.78 73.83 0.20 12.95 

37 -2.70 74.03 0.20 12.95 

38 -2.61 74.15 0.20 12.88 

39 -2.52 73.94 0.20 12.87 

40 -2.43 73.93 0.20 12.91 

41 -2.35 74.06 0.20 12.90 

42 -2.26 73.82 0.20 12.85 

43 -2.17 73.85 0.20 12.85 

44 -2.09 73.81 0.20 12.82 

45 -2.00 73.66 0.20 12.67 

46 -1.91 73.33 0.20 12.81 

47 -1.83 73.62 0.20 12.59 

48 -1.74 73.34 0.20 12.53 

49 -1.65 73.05 0.20 12.48 

50 -1.56 73.14 0.20 12.24 


2 a 

"oIT 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.10 


Na 2 Q 

2.25 

2.23 

2.30 
2.27 
2.25 
2.20 
2.29 
2.29 

2.31 
2.31 

2.34 

2.33 

2.35 

2.39 

2.44 

2.34 

2.37 

2.45 

2.38 
2.41 

2.40 

2.44 

2.51 
2.40 
2.54 

2.45 
2.45 
2.59 
2.65 
2.53 
2.53 

2.52 
2.57 
2.62 
2.61 
2.64 
2.64 
2.67 
2.74 
2.80 
2.79 
2.79 
2.82 
2.90 
3.01 
3.08 
3.07 
3.16 
3.19 
3.10 


2 a 

~0W 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.08 

0.07 

0.07 

0.08 

0.07 

0.07 

0.07 


0.07 


0.10 

0.10 

0.10 


K 2 Q 2a 
4.33 0.08 

4.40 0.08 

4.43 0.08 

4.41 0.08 
4.40 0.08 
4.40 0.08 

4.44 0.08 
4.46 0.09 
4.44 0.08 
4.49 0.09 
4.54 0.09 
4.58 0.09 
4.58 0.09 
4.49 0.09 
4.52 0.09 

4.65 0.09 

4.61 0.09 
4.57 0.09 

4.62 0.09 
4.69 0.09 
4.67 0.09 
4.74 0.09 
4.78 0.09 

4.76 0.09 

4.66 0.09 

4.77 0.09 
4.91 0.09 
4.82 0.09 
4.76 0.09 
4.81 0.09 
4.80 0.09 

4.87 0.09 
4.91 0.09 

4.88 0.09 
4.86 0.09 
5.00 0.10 
4.86 0.09 

4.89 0.09 
5.02 0.10 
5.01 0.10 
4.98 0.10 
5.08 0.10 
4.97 0.09 
4.95 0.09 
4.91 0.09 
5.03 0.10 


4.84 0.09 
4.77 0.09 


CaO 2a FeO 2a TiQ 2 


1.94 

1.97 
1.86 

1.87 

1.85 
1.82 

1.86 
1.85 

1.79 

1.71 

1.72 

1.69 
1.68 
1.67 
1.72 
1.65 
1.60 

1.75 

1.63 
1.62 

1.59 

1.46 

1.60 

1.58 
1.54 
1.54 
1.57 
1.50 
1.54 

1.53 

1.54 

1.47 
1.47 
1.47 
1.57 

1.64 

1.53 
1.52 

1.59 

1.70 

1.76 
1.82 

1.88 
1.93 

1.98 
2.09 
2.26 
2.46 

2.54 


0.08 

0.09 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.08 

0.07 

0.08 

0.07 

0.07 

0.07 

0.08 

0.07 

0.07 

0.08 

0.07 

0.07 

0.07 

0.06 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.06 

0.06 

0.06 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.08 

0.08 

0.08 

0.08 

0.09 

0.09 

0.10 

0.11 

0.11 


2.71 
2.66 
2.74 
2.68 
2.77 
2.85 
2.77 
2.67 

2.69 
2.67 
2.74 
2.64 

2.70 
2.64 
2.66 
2.70 

2.72 

2.56 
2.74 
2.76 
2.76 
2.63 
2.76 
2.62 
2.58 

2.47 

2.57 
2.51 

2.48 
2.61 
2.57 

2.56 

2.36 

2.37 

2.57 
2.60 

2.49 
2.11 
2.51 

2.34 
2.24 
2.30 

2.35 
2.28 
2.19 

2.40 
2.39 

2.41 
2.54 

2.73 


0.14 

0.14 

0.15 

0.14 

0.15 

0.15 

0.15 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.15 

0.15 

0.14 

0.15 

0.14 

0.14 

0.13 

0.14 

0.13 

0.13 

0.14 

0.14 

0.14 

0.12 

0.13 

0.14 

0.14 

0.13 

0.13 

0.13 

0.12 

0.12 

0.12 

0.12 

0.12 

0.13 

0.13 

0.13 

0.13 

0.13 

0.14 


0.51 

0.54 

0.52 

0.55 

0.48 

0.49 

0.55 

0.50 

0.54 

0.51 

0.50 

0.52 

0.53 

0.53 

0.49 

0.52 

0.48 

0.50 

0.49 

0.48 

0.48 

0.50 

0.51 

0.51 

0.51 

0.52 

0.50 

0.52 

0.48 

0.54 

0.54 

0.47 

0.52 

0.51 

0.54 

0.52 

0.51 

0.50 

0.51 

0.54 

0.49 

0.47 

0.46 

0.51 

0.48 

0.55 

0.50 

0.46 

0.49 

0.52 


2a 


0.07 

0.06 

0.07 

0.06 

0.06 

0.07 

0.06 

0.07 

0.06 


0.06 

0.06 

0.06 

0.06 

0.06 


0.06 

0.06 

0.06 

0.06 

0.06 


0.06 

0.06 

0.06 

0.07 

0.07 


0.06 

0.07 


0.06 

0.06 

0.07 

0.06 

0.06 


0.06 

0.07 

0.06 

0.06 

0.06 

0.06 


MgO 2 a 
0.58 0.06 
0.59 0.06 
0.58 0.06 
0.61 0.07 
0.59 0.06 
0.57 0.06 
0.56 0.06 
0.54 0.06 
0.54 0.06 
0.55 0.06 
0.61 0.07 
0.61 0.07 
0.57 0.06 
0.61 0.07 
0.58 0.06 
0.53 0.06 
0.61 0.07 
0.56 0.06 
0.56 0.06 
0.55 0.06 
0.58 0.06 
0.60 0.06 
0.57 0.06 
0.59 0.06 
0.57 0.06 
0.58 0.06 
0.59 0.06 
0.58 0.06 
0.56 0.06 
0.48 0.05 
0.50 0.05 
0.52 0.06 
0.50 0.05 
0.50 0.05 
0.58 0.06 
0.51 0.06 
0.52 0.06 
0.55 0.06 
0.52 0.06 
0.48 0.05 
0.42 0.05 
0.46 0.05 
0.49 0.05 
0.48 0.05 
0.50 0.05 
0.47 0.05 
0.49 0.05 
0.51 0.06 
0.52 0.06 
0.55 0.06 
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0.61 72.93 0.20 

0.70 72.75 0.20 
0.78 72.43 0.20 
0.87 72.53 0.20 
0.96 72.40 0.20 
1.04 72.30 0.20 

1.13 72.29 0.20 

1.22 72.14 0.20 

1.30 72.30 0.20 

1.39 72.56 0.20 

1.48 72.38 0.20 

1.57 72.18 0.20 

1.65 72.21 0.20 

1.74 72.30 0.20 

1.83 72.54 0.20 

1.91 72.38 0.20 

2.00 72.21 0.20 
2.09 72.35 0.20 
2.17 72.33 0.20 
2.26 72.22 0.20 
2.35 72.50 0.20 
2.43 72.33 0.20 
2.52 72.21 0.20 
2.61 72.48 0.20 

2.70 72.31 0.20 
2.78 72.44 0.20 
2.87 72.65 0.20 
2.96 72.64 0.20 
3.04 72.55 0.20 

3.13 72.63 0.20 

3.22 72.66 0.20 

3.30 72.79 0.20 

3.39 72.84 0.20 

3.48 73.08 0.20 

3.57 73.07 0.20 

3.65 72.97 0.20 

3.74 73.25 0.20 

3.83 73.17 0.20 


9.04 0.08 
9.20 0.08 
9.39 0.08 
9.60 0.08 
9.66 0.08 
9.76 0.08 
9.92 0.08 
10.00 0.08 

10.22 0.09 
10.16 0.09 
10.24 0.09 
10.33 0.09 

10.45 0.09 
10.63 0.09 
10.62 0.09 
10.72 0.09 
10.72 0.09 
10.80 0.09 
11.00 0.09 
11.06 0.09 
11.10 0.09 
10.96 0.09 
11.09 0.09 
11.07 0.09 

11.23 0.09 
11.29 0.10 
11.27 0.10 
11.22 0.09 
11.26 0.10 

11.46 0.10 

11.50 0.10 
11.39 0.10 

11.51 0.10 
11.59 0.10 
11.53 0.10 

11.57 0.10 
11.55 0.10 

11.58 0.10 


3.34 0.10 
3.30 0.10 

3.36 0.10 

3.37 0.10 
3.53 0.11 
3.48 0.11 
3.50 0.11 

3.67 0.11 
3.60 0.11 

3.60 0.11 

3.68 0.11 

3.70 0.11 

3.65 0.11 

3.59 0.11 

3.61 0.11 
3.73 0.11 
3.79 0.12 

3.66 0.11 
3.61 0.11 

3.65 0.11 

3.71 0.11 

3.75 0.12 
3.70 0.11 

3.66 0.11 

3.66 0.11 
3.81 0.12 

3.76 0.12 
3.81 0.12 
3.70 0.11 

3.69 0.11 
3.78 0.12 
3.78 0.12 

3.70 0.11 
3.70 0.11 

3.67 0.11 
3.73 0.11 

3.60 0.11 
3.56 0.11 


4.21 0.08 
4.18 0.08 

4.27 0.08 

4.28 0.08 
4.20 0.08 
4.34 0.08 
4.37 0.08 
4.37 0.08 
4.41 0.08 
4.39 0.08 
4.34 0.08 
4.44 0.08 
4.44 0.08 
4.44 0.08 
4.49 0.09 
4.54 0.09 
4.54 0.09 
4.46 0.09 
4.53 0.09 
4.66 0.09 
4.51 0.09 
4.60 0.09 

4.70 0.09 
4.68 0.09 

4.71 0.09 
4.66 0.09 
4.66 0.09 


4.79 
4.67 

4.67 
4.75 

4.80 

4.68 
4.75 


5.11 0.22 3.83 0.20 
5.01 0.22 3.90 0.21 
5.07 0.22 3.90 0.21 
4.99 0.22 3.70 0.20 

4.93 0.22 3.69 0.20 

4.94 0.22 3.58 0.19 

4.89 0.21 3.51 0.19 
4.75 0.21 3.58 0.19 

4.64 0.20 3.24 0.17 

4.68 0.20 3.11 0.16 
4.55 0.20 3.30 0.17 
4.57 0.20 3.19 0.17 
4.57 0.20 3.03 0.16 

4.42 0.19 3.15 0.17 
4.27 0.19 2.98 0.16 
4.24 0.19 2.95 0.16 
4.27 0.19 3.04 0.16 
4.20 0.18 3.07 0.16 

4.20 0.18 2.85 0.15 
4.32 0.19 2.71 0.14 
3.91 0.17 2.85 0.15 

4.11 0.18 2.82 0.15 
4.07 0.18 2.74 0.15 
3.93 0.17 2.70 0.14 

3.90 0.17 2.72 0.14 
3.79 0.17 2.57 0.14 

3.69 0.16 2.58 0.14 

3.64 0.16 2.64 0.14 
3.64 0.16 2.70 0.14 
3.54 0.15 2.68 0.14 
3.49 0.15 2.57 0.14 

3.43 0.15 2.42 0.13 
3.40 0.15 2.54 0.13 
3.15 0.14 2.45 0.13 

3.11 0.14 2.51 0.13 

3.20 0.14 2.40 0.13 
3.08 0.13 2.48 0.13 
3.08 0.13 2.59 0.14 


0.47 0.06 
0.50 0.06 
0.48 0.06 
0.50 0.06 
0.51 0.06 
0.52 0.06 
0.47 0.06 
0.47 0.06 
0.54 0.07 
0.48 0.06 
0.45 0.05 
0.45 0.05 
0.54 0.07 
0.52 0.06 
0.52 0.06 
0.47 0.06 
0.50 0.06 
0.48 0.06 
0.52 0.06 
0.46 0.06 
0.46 0.06 
0.49 0.06 
0.48 0.06 
0.53 0.06 
0.52 0.06 
0.48 0.06 
0.50 0.06 
0.52 0.06 
0.50 0.06 
0.41 0.05 
0.49 0.06 
0.48 0.06 
0.50 0.06 
0.48 0.06 
0.51 0.06 
0.45 0.05 
0.50 0.06 
0.45 0.05 


0.65 0.07 
0.68 0.07 
0.67 0.07 
0.58 0.06 
0.67 0.07 
0.61 0.07 
0.60 0.07 
0.60 0.07 
0.61 0.07 
0.60 0.07 
0.62 0.07 
0.63 0.07 
0.65 0.07 
0.57 0.06 
0.58 0.06 
0.54 0.06 
0.54 0.06 
0.60 0.07 
0.57 0.06 
0.51 0.06 
0.55 0.06 
0.56 0.06 
0.58 0.06 
0.54 0.06 
0.55 0.06 
0.52 0.06 
0.52 0.06 
0.55 0.06 
0.49 0.05 
0.49 0.05 
0.46 0.05 
0.51 0.06 
0.47 0.05 
0.48 0.05 
0.49 0.05 
0.47 0.05 
0.48 0.05 
0.50 0.05 
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113 3.91 73.02 0.20 11.70 0.10 3.64 0.11 4.82 0.09 2.98 0.13 2.45 0.13 0.55 0.07 0.48 0.05 

114 4.00 73.24 0.20 3J.72 0.10 3.65 0.11 4.75 0.09 3.00 0.13 2.29 0.12 0.52 0.06 0.50 0.05 

115 4.09 73.33 0.20 11.68 0.10 3.63 0.11 4.84 0.09 2.82 0.12 2.32 0.12 0.47 0.06 0.49 0.05 

116 4.17 73.21 0.20 11.82 0.10 3.61 0.11 4.91 0.09 2.85 0.12 2.29 0.12 0.50 0.06 0.43 0.05 

117 4.26 73.48 0.20 11.79 0.10 3.56 0.11 4.96 0.09 2.68 0.12 2.29 0.12 0.47 0.06 0.46 0.05 

118 4.35 73.23 0.20 11.93 0.10 3.70 0.11 4.87 0.09 2.69 0.12 2.28 0.12 0.43 0.05 0.46 0.05 

119 4.43 73.29 0.20 11.89 0.10 3.56 0.11 4.90 0.09 2.62 0.11 2.34 0.12 0.48 0.06 0.50 0.05 

120 4.52 73.45 0.20 11.87 0.10 3.69 0.11 4.89 0.09 2.55 0.11 2.28 0.12 0.49 0.06 0.47 0.05 

121 4.61 73.62 0.20 11.88 0.10 3.64 0.11 4.91 0.09 2.48 0.11 2.22 0.12 0.41 0.05 0.46 0.05 

122 4.70 73.53 0.20 11.86 0.10 3.60 0.11 4.89 0.09 2.47 0.11 2.34 0.12 0.48 0.06 0.47 0.05 

123 4.78 73.41 0.20 11.91 0.10 3.59 0.11 4.85 0.09 2.50 0.11 2.39 0.13 0.46 0.06 0.45 0.05 

124 4.87 73.53 0.20 12.00 0.10 3.68 0.11 4.80 0.09 2.42 0.11 2.30 0.12 0.43 0.05 0.43 0.05 

125 4.96 73.43 0.20 12.09 0.10 3.63 0.11 4.90 0.09 2.39 0.10 2.28 0.12 0.47 0.06 0.45 0.05 

126 5.04 73.56 0.20 12.01 0.10 3.59 0.11 4.98 0.10 2.32 0.10 2.26 0.12 0.44 0.05 0.43 0.05 

127 5.13 73.68 0.20 12.08 0.10 3.48 0.11 4.89 0.09 2.31 0.10 2.20 0.12 0.55 0.07 0.47 0.05 

128 5.22 73.55 0.20 12.02 0.10 3.52 0.11 4.96 0.09 2.21 0.10 2.37 0.13 0.51 0.06 0.45 0.05 

129 5.30 73.62 0.20 11.97 0.10 3.50 0.11 4.96 0.09 2.25 0.10 2.42 0.13 0.46 0.06 0.43 0.05 

130 5.39 73.58 0.20 12.06 0.10 3.48 0.11 5.01 0.10 2.19 0.10 2.39 0.13 0.48 0.06 0.46 0.05 

131 5.48 73.86 0.20 12.12 0.10 3.44 0.11 4.97 0.09 2.05 0.09 2.25 0.12 0.47 0.06 0.47 0.05 

132 5.57 73.79 0.20 12.18 0.10 3.41 0.10 4.89 0.09 2.08 0.09 2.25 0.12 0.46 0.06 0.53 0.06 

133 5.65 73.73 0.20 12.15 0.10 3.42 0.11 4.93 0.09 2.02 0.09 2.35 0.12 0.47 0.06 0.51 0.06 

134 5.74 73.89 0.20 12.17 0.10 3.37 0.10 4.95 0.09 1.99 0.09 2.20 0.12 0.50 0.06 0.45 0.05 

135 5.83 73.96 0.20 12.09 0.10 3.39 0.10 4.96 0.09 2.02 0.09 2.21 0.12 0.50 0.06 0.47 0.05 

136 5.91 73.86 0.20 12.22 0.10 3.32 0.10 4.99 0.10 2.03 0.09 2.19 0.12 0.49 0.06 0.48 0.05 

137 6.00 73.91 0.20 12.23 0.10 3.39 0.10 4.94 0.09 1.93 0.08 2.15 0.11 0.53 0.06 0.45 0.05 

138 6.09 73.81 0.20 12.27 0.10 3.46 0.11 5.00 0.10 1.87 0.08 2.33 0.12 0.43 0.05 0.47 0.05 

139 6.17 73.81 0.20 12.24 0.10 3.39 0.10 5.00 0.10 1.93 0.08 2.25 0.12 0.49 0.06 0.49 0.05 

140 6.26 74.05 0.20 12.18 0.10 3.26 0.10 4.99 0.10 1.83 0.08 2.28 0.12 0.52 0.06 0.50 0.05 

141 6.35 73.86 0.20 12.37 0.10 3.29 0.10 5.04 0.10 1.84 0.08 2.29 0.12 0.48 0.06 0.47 0.05 

142 6.43 73.79 0.20 12.43 0.11 3.28 0.10 4.97 0.09 1.90 0.08 2.28 0.12 0.51 0.06 0.45 0.05 

143 6.52 73.92 0.20 12.35 0.10 3.32 0.10 4.98 0.10 1.83 0.08 2.24 0.12 0.48 0.06 0.44 0.05 

144 6.61 73.86 0.20 12.38 0.10 3.30 0.10 5.01 0.10 1.82 0.08 2.29 0.12 0.47 0.06 0.46 0.05 

145 6.70 73.97 0.20 12.27 0.10 3.28 0.10 4.96 0.09 1.80 0.08 2.31 0.12 0.48 0.06 0.49 0.05 

146 6.78 74.04 0.20 12.27 0.10 3.28 0.10 5.06 0.10 1.81 0.08 2.25 0.12 0.45 0.05 0.47 0.05 

147 6.87 74.03 0.20 12.33 0.10 3.19 0.10 5.04 0.10 1.74 0.08 2.30 0.12 0.48 0.06 0.49 0.05 

148 6.96 74.11 0.20 12.47 0.11 3.11 0.10 5.04 0.10 1.67 0.07 2.29 0.12 0.50 0.06 0.47 0.05 

149 7.04 74.29 0.20 12.26 0.10 3.16 0.10 4.99 0.10 1.73 0.08 2.19 0.12 0.52 0.06 0.51 0.06 

150 7.13 74.13 0.20 12.32 0.10 3.18 0.10 4.90 0.09 1.75 0.08 2.32 0.12 0.52 0.06 0.52 0.06 

151 7.22 74.02 0.20 12.41 0.10 3.11 0.10 4.86 0.09 1.78 0.08 2.51 0.13 0.45 0.05 0.48 0.05 

152 7.30 74.13 0.20 12.56 0.11 3.10 0.10 4.97 0.09 1.70 0.07 2.26 0.12 0.46 0.06 0.48 0.05 

153 7.39 74.15 0.20 12.46 0.11 3.16 0.10 4.96 0.09 1.71 0.07 2.31 0.12 0.49 0.06 0.44 0.05 

154 7.48 74.20 0.20 12.27 0.10 3.07 0.09 5.08 0.10 1.75 0.08 2.31 0.12 0.51 0.06 0.40 0.04 

155 7.57 74.40 0.20 12.56 0.11 2.96 0.09 4.89 0.09 1.70 0.07 2.25 0.12 0.48 0.06 0.43 0.05 

156 7.65 74.13 0.20 12.55 0.11 2.94 0.09 4.95 0.09 1.66 0.07 2.28 0.12 0.57 0.07 0.50 0.05 

157 7.74 74.22 0.20 12.38 0.10 3.00 0.09 5.02 0.10 1.61 0.07 2.34 0.12 0.52 0.06 0.49 0.05 

158 7.83 74.26 0.20 12.52 0.11 3.06 0.09 5.04 0.10 1.64 0.07 2.15 0.11 0.50 0.06 0.47 0.05 

159 7.91 74.23 0.20 12.51 0.11 3.02 0.09 4.98 0.10 1.67 0.07 2.34 0.12 0.46 0.06 0.46 0.05 

160 8.00 74.36 0.20 12.54 0.11 2.97 0.09 4.88 0.09 1.61 0.07 2.40 0.13 0.45 0.05 0.45 0.05 

161 8.09 74.36 0.20 12.39 0.10 3.08 0.09 4.94 0.09 1.58 0.07 2.30 0.12 0.54 0.07 0.48 0.05 

8.17 74.27 0.20 12.50 0.11 2.95 0.09 4.92 0.09 1.62 0.07 2.31 0.12 0.56 0.07 0.45 0.05 

8.26 74.29 0.20 12.67 0.11 2.93 0.09 4.90 0.09 1.50 0.07 2.37 0.13 0.48 0.06 0.47 0.05 


162 

163 
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Agglomerate FLD23.L 


Table J.10: Major element compositions (as wt.% oxides) from a line traverse across the interface of agglom¬ 
erate FLD23.L (from agglomerate FLD23.L to host FLD23) extracted from quantified EDS compositional 
maps. This is an exterior agglomerate with an Si interface and has been centered at x = 0 based on the 
SiC>2 maximum. Peak points within 2a of the SiC>2 maximum are h"i|^fight©dll<!h^'llb«' Uncertainties are 
2SEOM. 


Position 

Pt. (/im) Si0 2 2 a AI2O3 2 a Na20 2<r 

T -16.16 


2 -15.90 

3 -15.63 

4 -15.36 

5 -15.09 

6 -14.82 

7 -14.55 

8 -14.28 

9 -14.01 

10 -13.74 

11 -13.47 

12 -13.20 

13 -12.93 

14 -12.66 

15 -12.39 

16 -12.12 

17 -11.85 

18 -11.58 

19 -11.32 

20 -11.05 

21 -10.78 

22 -10.51 

23 -10.24 

24 -9.97 

25 -9.70 

26 -9.43 

27 -9.16 

28 -8.89 

29 -8.62 

30 -8.35 

31 -8.08 

32 -7.81 

33 -7.54 

34 -7.27 

35 -7.01 

36 -6.74 

37 -6.47 

38 -6.20 

39 -5.93 

40 -5.66 

41 -5.39 

42 -5.12 

43 -4.85 

44 -4.58 

45 -4.31 

46 -4.04 

47 -3.77 

48 -3.50 

49 -3.23 

50 -2.96 

51 -2.69 


74.27 0.23 
74.18 0.23 

74.41 0.23 
74.02 0.23 

73.98 0.23 

73.88 0.23 
73.95 0.23 

73.99 0.23 
73.87 0.23 
73.75 0.23 

73.42 0.22 
73.90 0.23 

73.89 0.23 
73.55 0.22 
73.53 0.22 
73.30 0.22 

73.43 0.22 
73.70 0.23 
73.73 0.23 
73.75 0.23 
73.58 0.22 

73.73 0.23 
74.00 0.23 
73.92 0.23 
73.81 0.23 

73.75 0.23 

73.87 0.23 

73.76 0.23 
73.76 0.23 
73.78 0.23 

73.74 0.23 
73.57 0.22 
73.57 0.22 
73.74 0.23 
73.99 0.23 
73.70 0.23 
73.52 0.22 

73.88 0.23 
73.52 0.22 
73.52 0.22 
73.52 0.22 
73.51 0.22 
73.57 0.22 
73.62 0.23 
73.64 0.23 
74.03 0.23 
74.15 0.23 
73.92 0.23 
73.83 0.23 
73.98 0.23 
74.27 0.23 


12.84 0.13 

12.94 0.13 

12.85 0.13 

12.90 0.13 

12.79 0.12 
12.77 0.12 
12.88 0.13 
12.88 0.13 
12.75 0.12 
12.68 0.12 

12.95 0.13 
12.88 0.13 

12.94 0.13 
12.85 0.13 

12.85 0.13 

12.77 0.12 

12.83 0.13 

12.95 0.13 
12.94 0.13 

12.86 0.13 

12.80 0.12 

12.75 0.12 
12.80 0.12 
12.81 0.12 

12.76 0.12 

12.74 0.12 

12.85 0.13 

12.81 0.13 

12.88 0.13 

12.84 0.13 

12.83 0.13 

12.84 0.13 

12.91 0.13 

12.82 0.13 

12.75 0.12 

12.90 0.13 

12.76 0.12 
12.69 0.12 

12.82 0.13 

12.86 0.13 
12.84 0.13 
12.79 0.12 
12.93 0.13 

12.84 0.13 

12.78 0.12 

12.83 0.13 

12.91 0.13 

12.87 0.13 

12.89 0.13 

12.85 0.13 
12.83 0.13 


3.20 0.09 
3.18 0.09 

3.18 0.09 
3.15 0.09 
3.11 0.09 
3.25 0.09 
3.31 0.10 

3.36 0.10 
3.30 0.10 
3.28 0.09 

3.19 0.09 
3.25 0.09 

3.28 0.09 

3.30 0.10 

3.21 0.09 
3.24 0.09 

3.29 0.09 
3.27 0.09 
3.21 0.09 

3.23 0.09 

3.24 0.09 

3.27 0.09 

3.23 0.09 

3.25 0.09 

3.31 0.10 

3.26 0.09 

3.25 0.09 
3.31 0.10 

3.31 0.10 
3.11 0.09 

3.24 0.09 

3.23 0.09 

3.28 0.09 

3.26 0.09 

3.25 0.09 

3.38 0.10 

3.41 0.10 

3.39 0.10 

3.42 0.10 
3.49 0.10 

3.37 0.10 

3.43 0.10 

3.32 0.10 
3.43 0.10 
3.47 0.10 
3.31 0.10 

3.29 0.10 

3.26 0.09 
3.39 0.10 

3.24 0.09 

3.27 0.09 


K 2 Q 2 <t 
3.61 0.10 

3.57 0.10 
3.42 0.09 
3.54 0.10 

3.66 0.10 

3.58 0.10 

3.45 0.09 

3.52 0.10 

3.54 0.10 

3.55 0.10 
3.65 0.10 

3.47 0.09 

3.48 0.09 
3.57 0.10 
3.48 0.09 

3.53 0.10 

3.60 0.10 

3.54 0.10 
3.52 0.10 

3.52 0.10 

3.61 0.10 
3.51 0.10 
3.48 0.09 

3.46 0.09 

3.47 0.09 
3.51 0.09 

3.57 0.10 

3.53 0.10 

3.51 0.10 

3.52 0.10 

3.56 0.10 
3.56 0.10 

3.56 0.10 

3.55 0.10 
3.61 0.10 
3.50 0.09 

3.58 0.10 
3.50 0.09 

3.57 0.10 

3.54 0.10 

3.54 0.10 

3.55 0.10 

3.53 0.10 
3.65 0.10 

3.59 0.10 
3.50 0.09 
3.61 0.10 
3.57 0.10 
3.64 0.10 

3.67 0.10 
3.74 0.10 


CaO ‘la 

2.47 0.11 

2.45 0.11 
2.33 0.10 

2.46 0.11 
2.50 0.11 

2.55 0.11 
2.49 0.11 
2.61 0.11 

2.71 0.12 

2.72 0.12 
2.72 0.12 
2.69 0.12 

2.72 0.12 

2.69 0.12 

2.86 0.13 
2.84 0.12 

2.76 0.12 

2.70 0.12 
2.69 0.12 

2.73 0.12 

2.74 0.12 
2.62 0.11 
2.65 0.12 

2.74 0.12 

2.75 0.12 

2.77 0.12 
2.65 0.12 
2.80 0.12 
2.79 0.12 
2.75 0.12 
2.75 0.12 
2.93 0.13 

2.87 0.13 
2.72 0.12 
2.67 0.12 
2.74 0.12 
2.72 0.12 

2.71 0.12 

2.77 0.12 
2.79 0.12 

2.78 0.12 

2.72 0.12 
2.65 0.12 

2.56 0.11 

2.58 0.11 
2.46 0.11 
2.46 0.11 

2.59 0.11 
2.52 0.11 

2.48 0.11 
2.32 0.10 


FeO 2 a Ti0 2 

2.64 0.18 0.45 

2.72 0.19 0.44 

2.91 0.20 0.39 

2.91 0.20 0.48 

2.92 0.20 0.51 

2.93 0.20 0.46 

2.84 0.19 0.45 

2.66 0.18 0.41 

2.79 0.19 0.46 

3.00 0.20 0.47 

3.03 0.21 0.48 

2.83 0.19 0.43 

2.70 0.18 0.45 

3.02 0.21 0.45 

3.01 0.20 0.48 

3.20 0.22 0.50 

3.00 0.20 0.54 

2.72 0.19 0.46 

2.86 0.19 0.41 

2.84 0.19 0.45 

2.87 0.20 0.50 

3.01 0.21 0.46 

2.83 0.19 0.45 

2.78 0.19 0.46 

2.93 0.20 0.42 

2.91 0.20 0.41 

2.78 0.19 0.44 

2.78 0.19 0.43 

2.70 0.18 0.47 

3.04 0.21 0.41 

2.79 0.19 0.47 

2.78 0.19 0.47 

2.73 0.19 0.47 

2.91 0.20 0.46 

2.64 0.18 0.50 

2.73 0.19 0.44 

2.92 0.20 0.44 

2.83 0.19 0.42 

2.81 0.19 0.46 

2.74 0.19 0.47 

2.91 0.20 0.39 

2.95 0.20 0.41 

2.86 0.19 0.55 

2.82 0.19 0.48 

2.79 0.19 0.51 

2.68 0.18 0.56 

2.54 0.17 0.51 

2.72 0.19 0.52 

2.68 0.18 0.44 

2.67 0.18 0.45 

2.44 0.17 0.56 


2<r 


0.07 

0.08 

0.09 

0.08 

0.08 

0.07 

0.08 

0.08 

0.08 

0.07 

0.08 

0.08 

0.08 

0.09 

0.09 

0.08 

0.07 


0.07 

0.07 


0.07 


0.07 


0.07 

0.07 

0.10 


0.10 

0.09 

0.09 


0.10 


MgO 2 a 
0.52 0.05 
0.53 0.05 
0.51 0.05 
0.53 0.05 
0.52 0.05 
0.59 0.06 
0.62 0.06 
0.57 0.05 
0.58 0.05 
0.57 0.05 
0.56 0.05 
0.55 0.05 
0.54 0.05 
0.56 0.05 
0.59 0.06 
0.62 0.06 
0.57 0.05 
0.66 0.06 
0.64 0.06 
0.62 0.06 
0.65 0.06 
0.65 0.06 
0.57 0.05 
0.58 0.05 
0.55 0.05 
0.64 0.06 
0.59 0.06 
0.58 0.05 
0.58 0.05 
0.55 0.05 
0.62 0.06 
0.61 0.06 
0.61 0.06 
0.55 0.05 
0.59 0.06 
0.62 0.06 
0.66 0.06 
0.57 0.05 
0.63 0.06 
0.59 0.06 
0.64 0.06 
0.65 0.06 
0.59 0.06 
0.60 0.06 
0.64 0.06 
0.63 0.06 
0.53 0.05 
0.55 0.05 
0.61 0.06 
0.66 0.06 
0.57 0.05 
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52 

53 

54 

55 

56 

57 


2.43 74.46 0.23 
2.16 74.43 0.23 
1.89 74.92 0.23 
1.62 75.62 0.23 
1.35 77.34 0.24 
1.08 78.58 0.24 


12.84 0.13 3.12 

12.62 0.12 3.14 

12.38 0.12 3.01 

11.82 0.12 2.83 

10.69 0.10 2.74 

10.16 0.10 2.64 


3.61 0.10 
3.73 0.10 

3.65 0.10 

3.66 0.10 

3.62 0.10 
3.62 0.10 


2.18 0.10 
2.22 0.10 
2.22 0.10 
2.14 0.09 
1.84 0.08 
1.59 0.07 


2.69 0.18 
2.77 0.19 

2.90 0.20 

2.91 0.20 
2.84 0.19 
2.57 0.18 


0.51 0.09 
0.53 0.09 
0.40 0.07 
0.49 0.09 
0.44 0.08 
0.36 0.06 


0.59 0.05 
0.57 0.05 
0.53 0.05 
0.55 0.05 
0.49 0.05 
0.47 0.04 


59 

60 
61 


U.81 Yy.lb 0.24 9.90 U.1U 2.71 U.08 3.41 u.uy I.4Y U.Ob 2.b4 U.1Y 0.38 O.UY U.44 U.04 

0.54 79.15 0.24 9.57 0.09 2.79 0.08 3.57 0.10 1.56 0.07 2.53 0.17 0.35 0.06 0.47 0.04 

0.27 79.14 0.24 9.62 0.09 2.93 0.08 3.51 0.10 1.46 0.06 2.52 0.17 0.36 0.06 0.46 0.04 

0.00 79.22 0.24 9.69 0.09 2.93 0.08 3.59 0.10 1.32 0.06 2.36 0.16 0.41 0.07 0.47 0.04 


62 

63 

64 

65 

66 

67 

68 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 
87 


92 


95 

96 

97 

98 

99 
100 
101 
102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 
113 


0.27 78.84 0.24 
0.54 78.96 0.24 
0.81 78.51 0.24 

1.08 78.45 0.24 

1.35 78.08 0.24 

1.62 78.16 0.24 

1.89 77.82 0.24 

2.15 77.57 0.24 

2.42 77.43 0.24 

2.69 76.97 0.24 

2.96 77.03 0.24 

3.23 77.00 0.24 
3.50 76.75 0.23 
3.77 76.75 0.23 
4.04 76.71 0.23 
4.31 76.28 0.23 

4.58 76.08 0.23 
4.85 75.95 0.23 
5.12 76.15 0.23 
5.39 75.63 0.23 
5.66 75.69 0.23 
5.93 75.60 0.23 
6.20 75.40 0.23 
6.46 75.49 0.23 
6.73 75.22 0.23 
7.00 75.30 0.23 
7.27 75.32 0.23 
7.54 75.00 0.23 
7.81 75.14 0.23 

8.08 74.92 0.23 

8.35 74.89 0.23 

8.62 74.91 0.23 

8.89 74.94 0.23 

9.16 74.50 0.23 

9.43 74.47 0.23 

9.70 74.55 0.23 

9.97 74.62 0.23 

10.24 74.68 0.23 
10.51 74.34 0.23 

10.78 74.37 0.23 
11.04 74.59 0.23 
11.31 74.48 0.23 
11.58 74.54 0.23 
11.85 74.59 0.23 
12.12 74.17 0.23 
12.39 74.20 0.23 
12.66 74.27 0.23 
12.93 74.09 0.23 
13.20 74.21 0.23 
13.47 73.91 0.23 
13.74 74.02 0.23 
14.01 73.93 0.23 


9.60 0.09 
9.65 0.09 
9.75 0.10 
9.83 0.10 
10.06 0.10 
9.96 0.10 
10.29 0.10 

10.23 0.10 
10.41 0.10 
10.43 0.10 
10.58 0.10 
10.61 0.10 
10.62 0.10 

10.72 0.10 
10.83 0.11 
10.89 0.11 
10.83 0.11 
10.97 0.11 
11.03 0.11 
11.06 0.11 

11.19 0.11 
11.27 0.11 
11.38 0.11 
11.37 0.11 
11.34 0.11 
11.40 0.11 
11.56 0.11 

11.53 0.11 

11.54 0.11 
11.70 0.11 
11.68 0.11 
11.61 0.11 

11.65 0.11 
11.70 0.11 

11.66 0.11 

11.72 0.11 
11.79 0.12 
11.79 0.12 
11.92 0.12 
11.82 0.12 
11.79 0.12 

11.91 0.12 

11.96 0.12 

11.92 0.12 

11.97 0.12 
11.95 0.12 
12.05 0.12 

12.24 0.12 
12.09 0.12 
12.07 0.12 

12.19 0.12 
12.15 0.12 


3.02 0.09 
2.99 0.09 
3.02 0.09 
3.00 0.09 
3.07 0.09 
3.08 0.09 
3.09 0.09 
3.28 0.09 
3.31 0.10 
3.28 0.09 
3.24 0.09 

3.26 0.09 

3.27 0.09 
3.38 0.10 
3.34 0.10 
3.49 0.10 
3.54 0.10 

3.58 0.10 
3.49 0.10 

3.59 0.10 

3.56 0.10 

3.57 0.10 
3.66 0.11 
3.69 0.11 
3.66 0.11 

3.63 0.10 
3.53 0.10 

3.64 0.11 
3.66 0.11 
3.64 0.11 

3.60 0.10 
3.60 0.10 
3.62 0.10 
3.60 0.10 
3.68 0.11 
3.64 0.11 

3.68 0.11 
3.79 0.11 

3.77 0.11 

3.78 0.11 

3.79 0.11 
3.64 0.11 
3.71 0.11 

3.69 0.11 
3.74 0.11 
3.87 0.11 
3.74 0.11 
3.93 0.11 
3.86 0.11 
3.84 0.11 
3.77 0.11 
3.68 0.11 


3.75 0.10 
3.81 0.10 

3.85 0.10 

3.75 0.10 

3.76 0.10 

3.72 0.10 
3.81 0.10 

3.73 0.10 

3.77 0.10 

3.86 0.10 
3.88 0.11 

3.98 0.11 
3.94 0.11 

3.87 0.10 

3.90 0.11 

3.88 0.10 
3.94 0.11 
3.86 0.10 

3.88 0.11 
4.08 0.11 
4.00 0.11 
4.04 0.11 

3.89 0.11 

3.91 0.11 
3.96 0.11 
4.04 0.11 
4.07 0.11 
3.96 0.11 
3.94 0.11 
4.01 0.11 
4.02 0.11 
4.06 0.11 
4.00 0.11 
4.07 0.11 
4.10 0.11 
4.02 0.11 
4.08 0.11 

3.99 0.11 
4.06 0.11 

4.10 0.11 
4.01 0.11 
4.01 0.11 
4.00 0.11 
4.08 0.11 
4.08 0.11 
4.05 0.11 
4.13 0.11 
3.96 0.11 
4.01 0.11 
4.07 0.11 

4.11 0.11 
4.13 0.11 


1.43 0.06 
1.53 0.07 
1.47 0.06 
1.41 0.06 
1.35 0.06 
1.53 0.07 
1.56 0.07 
1.55 0.07 
1.53 0.07 
1.60 0.07 
1.62 0.07 
1.64 0.07 
1.69 0.07 

1.60 0.07 
1.69 0.07 
1.66 0.07 

1.61 0.07 
1.74 0.08 
1.83 0.08 
1.88 0.08 
1.78 0.08 
1.82 0.08 
1.87 0.08 
1.86 0.08 

1.92 0.08 

1.87 0.08 

1.88 0.08 
1.88 0.08 
1.85 0.08 
2.01 0.09 
2.06 0.09 

1.98 0.09 

1.93 0.08 
2.05 0.09 
2.03 0.09 
2.00 0.09 
2.02 0.09 
2.04 0.09 

1.99 0.09 
2.00 0.09 

1.96 0.09 
2.00 0.09 
1.95 0.09 

1.97 0.09 
2.08 0.09 
2.01 0.09 
2.02 0.09 
1.95 0.09 
2.02 0.09 
2.10 0.09 
1.97 0.09 
2.07 0.09 


2.47 0.17 
2.19 0.15 
2.49 0.17 
2.60 0.18 
2.66 0.18 
2.55 0.17 
2.49 0.17 

2.64 0.18 
2.60 0.18 
2.91 0.20 
2.66 0.18 
2.52 0.17 

2.74 0.19 
2.72 0.19 
2.62 0.18 

2.80 0.19 

2.90 0.20 

2.91 0.20 

2.65 0.18 
2.77 0.19 
2.88 0.20 
2.82 0.19 
2.77 0.19 

2.66 0.18 
2.89 0.20 

2.75 0.19 
2.64 0.18 
2.88 0.20 

2.77 0.19 

2.72 0.19 

2.82 0.19 

2.73 0.19 

2.83 0.19 
3.01 0.21 
3.01 0.20 
3.02 0.21 
2.85 0.19 
2.72 0.19 

2.94 0.20 

2.92 0.20 

2.76 0.19 
2.96 0.20 

2.87 0.20 

2.81 0.19 

2.91 0.20 

2.88 0.20 

2.74 0.19 
2.74 0.19 

2.78 0.19 

2.92 0.20 

2.95 0.20 
2.95 0.20 


0.39 0.07 
0.41 0.07 
0.45 0.08 
0.41 0.07 
0.45 0.08 
0.46 0.08 
0.41 0.07 
0.41 0.07 
0.40 0.07 
0.40 0.07 
0.50 0.09 
0.49 0.09 
0.47 0.08 
0.43 0.08 
0.37 0.06 
0.45 0.08 
0.53 0.09 
0.44 0.08 
0.43 0.07 
0.45 0.08 
0.38 0.07 
0.37 0.07 
0.44 0.08 
0.45 0.08 
0.42 0.07 
0.46 0.08 
0.42 0.07 
0.49 0.09 
0.52 0.09 
0.39 0.07 
0.40 0.07 
0.52 0.09 
0.49 0.09 
0.48 0.08 
0.49 0.09 
0.49 0.09 
0.40 0.07 
0.45 0.08 
0.40 0.07 
0.43 0.08 
0.50 0.09 
0.42 0.07 
0.38 0.07 
0.36 0.06 
0.47 0.08 
0.46 0.08 
0.46 0.08 
0.52 0.09 
0.45 0.08 
0.52 0.09 
0.43 0.08 
0.49 0.09 


0.49 0.05 
0.46 0.04 
0.46 0.04 
0.54 0.05 
0.58 0.05 
0.54 0.05 
0.53 0.05 
0.60 0.06 
0.55 0.05 
0.55 0.05 
0.49 0.05 
0.50 0.05 
0.53 0.05 
0.53 0.05 
0.55 0.05 
0.54 0.05 
0.57 0.05 
0.55 0.05 
0.54 0.05 
0.53 0.05 
0.52 0.05 
0.51 0.05 
0.58 0.05 
0.56 0.05 
0.59 0.05 
0.56 0.05 
0.58 0.05 
0.61 0.06 
0.59 0.05 
0.61 0.06 
0.53 0.05 
0.60 0.06 
0.54 0.05 
0.59 0.06 
0.57 0.05 
0.55 0.05 
0.56 0.05 
0.55 0.05 
0.59 0.05 
0.58 0.05 
0.61 0.06 
0.59 0.06 
0.59 0.05 
0.58 0.05 
0.58 0.05 
0.57 0.05 
0.59 0.05 
0.58 0.05 
0.58 0.05 
0.57 0.05 
0.58 0.05 
0.60 0.06 
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0.06 

115 

14.55 7 

3.84 

0.23 

12.22 0 

12 3.86 

0.11 

4.14 

0.11 

2.02 

0.09 

2.81 

0.19 

0.51 

0.09 

0.60 

0.06 

116 

14.82 7 

3.81 

0.23 

12.14 

12 3.72 

0.11 

4.19 

0.11 

2.16 

0.09 

2.95 

0.20 

0.43 

0.08 

0.60 

0.06 

117 

15.09 7 

3.93 

0.23 

12.21 

12 3.77 

0.11 

4.05 

0.11 

2.14 

0.09 

2.88 

0.20 

0.43 

0.08 

0.59 

0.06 

118 

15.35 7 

3.97 

0.23 

12.14 

12 3.73 

0.11 

4.08 

0.11 

2.01 

0.09 

3.01 

0.21 

0.46 

0.08 

0.59 

0.06 

119 

15.62 7 

4.01 

0.23 

12.20 

12 3.83 

0.11 

4.07 

0.11 

1.99 

0.09 

2.94 

0.20 

0.38 

0.07 

0.58 

0.05 

120 

15.89 7 

4.06 

0.23 

12.19 

12 3.83 

0.11 

4.03 

0.11 

1.97 

0.09 

2.86 

0.19 

0.45 

0.08 

0.60 

0.06 

121 

16.16 7 

4.07 

0.23 

12.24 

12 3.89 

0.11 

4.11 

0.11 

2.00 

0.09 

2.59 

0.18 

0.50 

0.09 

0.61 

0.06 

122 

16.43 7 

3.80 

0.23 

12.22 0 

12 3.88 

0.11 

4.12 

0.11 

1.98 

0.09 

3.00 

0.20 

0.51 

0.09 

0.50 

0.05 

123 

16.70 7 

3.65 

0.23 

12.31 0 

12 3.85 

0.11 

4.14 

0.11 

2.11 

0.09 

2.86 

0.19 

0.49 

0.09 

0.58 

0.05 

124 

16.97 7 

3.69 

0.23 

12.23 0 

12 3.88 

0.11 

4.09 

0.11 

2.09 

0.09 

2.84 

0.19 

0.55 

0.10 

0.64 

0.06 

125 

17.24 7 

3.76 

0.23 

12.24 0 

12 3.86 

0.11 

4.16 

0.11 

2.17 

0.10 

2.81 

0.19 

0.41 

0.07 

0.60 

0.06 

126 

17.51 7 

3.69 

0.23 

12.04 

12 3.86 

0.11 

4.21 

0.11 

2.07 

0.09 

3.07 

0.21 

0.50 

0.09 

0.56 

0.05 

127 

17.78 7 

3.59 

0.22 

12.18 

12 3.85 

0.11 

4.24 

0.11 

2.18 

0.10 

2.89 

0.20 

0.48 

0.08 

0.58 

0.05 

128 

18.05 7 

3.65 

0.23 

12.31 

12 3.86 

0.11 

4.14 

0.11 

2.07 

0.09 

2.82 

0.19 

0.56 

0.10 

0.58 

0.05 

129 

18.32 7 

3.76 

0.23 

12.26 

12 3.91 

0.11 

4.14 

0.11 

2.14 

0.09 

2.70 

0.18 

0.49 

0.09 

0.61 

0.06 

130 

18.59 7 

3.86 

0.23 

12.22 0 

12 3.89 

0.11 

4.10 

0.11 

2.16 

0.09 

2.80 

0.19 

0.40 

0.07 

0.58 

0.05 

131 

18.86 7 

3.80 

0.23 

12.43 0 

12 3.81 

0.11 

4.17 

0.11 

2.13 

0.09 

2.60 

0.18 

0.45 

0.08 

0.62 

0.06 

132 

19.13 7 

3.77 

0.23 

12.40 0 

12 3.85 

0.11 

4.07 

0.11 

2.13 

0.09 

2.68 

0.18 

0.48 

0.08 

0.62 

0.06 

133 

19.40 7 

3.68 

0.23 

12.20 0 

12 3.95 

0.11 

4.14 

0.11 

2.17 

0.10 

2.78 

0.19 

0.46 

0.08 

0.61 

0.06 

134 

19.67 7 

3.46 

0.22 

12.28 0 

12 4.00 

0.12 

4.15 

0.11 

2.19 

0.10 

2.81 

0.19 

0.52 

0.09 

0.58 

0.05 

135 

19.93 7 

3.59 

0.22 

12.38 0 

12 3.86 

0.11 

4.16 

0.11 

2.06 

0.09 

2.76 

0.19 

0.54 

0.10 

0.64 

0.06 

136 

20.20 7 

3.98 

0.23 

12.27 0 

12 3.86 

0.11 

4.09 

0.11 

2.05 

0.09 

2.67 

0.18 

0.52 

0.09 

0.56 

0.05 

137 

20.47 7 

3.64 

0.23 

12.24 0 

12 3.84 

0.11 

4.16 

0.11 

2.22 

0.10 

2.84 

0.19 

0.49 

0.09 

0.57 

0.05 

138 

20.74 7 

3.52 

0.22 

12.21 0 

12 3.93 

0.11 

4.18 

0.11 

2.24 

0.10 

2.80 

0.19 

0.54 

0.09 

0.59 

0.06 
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J.2 Surface Agglomerates 

Agglomerate FLD4.3.UA 


Table J.ll: Major element compositions (as wt.% oxides) from a line traverse across the interface of surface 
agglomerate FLD4.3.UA (from agglomerate FLD4.3.UA to host FLD4.3) extracted from quantified EDS 
compositional maps. The EDS compositional maps were collected at a resolution of 3.5 pixels/pm. The 
smoothing width for this traverse was 50 pixels (14.4 pm) wide. This is a Si interface and has been centered 
at x = 0 based on the SiC>2 maximum. Peak points within 2 a of the SiC>2 maximum are 
yellow. Uncertainties are 2SEOM. 


Position 


Pt. (|im) S1O2 2(7 AI2O3 2(7 Na20 2cr K2O 2cr CaO 2(7 FcO 2cr T1O2 2(7 MgO 2(7 


2 

3 

4 

5 

6 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 


-8.33 75.14 
-8.04 75.16 
-7.75 75.61 
-7.46 75.27 
-7.18 75.39 
-6.89 74.99 
-6.60 75.24 
-6.32 75.21 
-6.03 75.42 
-5.74 74.93 
-5.45 74.87 
-5.17 75.03 
-4.88 75.08 
-4.59 74.78 
-4.31 75.00 

-4.02 75.55 
-3.73 75.45 
-3.45 75.44 
-3.16 75.90 
-2.87 75.83 
-2.58 75.93 
-2.30 76.49 
-2.01 76.45 
-1.72 77.13 
-1.44 78.06 
-1.15 79.26 
-0.86 81.49 
-0.57 84.12 


0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.24 

0.25 

0.25 

0.26 

0.26 


14.13 0.21 
13.75 0.20 
13.71 0.20 

13.97 0.21 

13.98 0.21 
13.96 0.21 
14.04 0.21 
13.91 0.21 
13.91 0.21 
14.01 0.21 
14.30 0.21 
14.08 0.21 

13.84 0.20 
14.06 0.21 
13.90 0.21 
13.74 0.20 

13.85 0.20 
13.44 0.20 
13.23 0.20 
13.06 0.19 
13.11 0.19 
12.87 0.19 
12.81 0.19 

12.13 0.18 
11.60 0.17 
10.65 0.16 

9.08 0.13 
7.74 0.11 


1.32 0.09 

1.30 0.09 

1.23 0.09 

1.31 0.09 

1.24 0.09 
1.34 0.09 
1.24 0.09 
1.24 0.09 
1.24 0.09 

1.33 0.09 
1.44 0.10 

1.31 0.09 
1.26 0.09 
1.30 0.09 

1.34 0.09 

1.26 0.09 

1.27 0.09 

1.32 0.09 
1.24 0.09 
1.18 0.08 
1.34 0.09 
1.24 0.09 
1.22 0.09 
1.11 0.08 
1.08 0.08 
1.07 0.08 
0.91 0.06 
0.85 0.06 


4.12 0.10 
4.16 0.10 
4.08 0.10 
4.16 0.10 

4.11 0.10 
4.16 0.10 

4.12 0.10 
4.09 0.10 

4.13 0.10 
4.12 0.10 
4.07 0.10 
4.07 0.10 
4.27 0.10 

4.14 0.10 
4.04 0.10 
4.08 0.10 
4.05 0.10 
4.14 0.10 
4.04 0.10 
4.30 0.10 
4.26 0.10 
4.20 0.10 
4.05 0.10 
4.05 0.10 
3.85 0.09 
3.74 0.09 
3.70 0.09 
3.36 0.08 


1.35 0.09 

1.36 0.09 

1.33 0.08 

1.38 0.09 

1.34 0.09 

1.39 0.09 

1.35 0.09 
1.50 0.10 
1.26 0.08 

1.37 0.09 
1.28 0.08 

1.32 0.08 
1.43 0.09 

1.33 0.08 

1.35 0.09 
1.33 0.08 
1.22 0.08 

1.36 0.09 
1.26 0.08 
1.36 0.09 
1.28 0.08 
1.22 0.08 
1.29 0.08 
1.27 0.08 
1.03 0.07 
0.91 0.06 
0.68 0.04 
0.43 0.03 


2.89 0.21 
3.22 0.23 
2.89 0.21 
2.81 0.20 

2.97 0.21 
3.08 0.22 
2.89 0.21 
2.92 0.21 

2.98 0.22 
3.24 0.23 
3.01 0.22 

3.12 0.23 

3.13 0.23 

3.27 0.24 
3.15 0.23 
2.96 0.21 

3.14 0.23 

3.28 0.24 

3.29 0.24 

3.21 0.23 
3.12 0.23 
3.07 0.22 
3.17 0.23 
3.36 0.24 
3.38 0.25 
3.35 0.24 

3.22 0.23 
2.71 0.20 


0.35 0.06 
0.53 0.09 
0.54 0.09 
0.46 0.07 
0.41 0.07 
0.47 0.07 
0.45 0.07 
0.48 0.08 
0.36 0.06 
0.40 0.06 
0.36 0.06 
0.52 0.08 
0.40 0.06 
0.46 0.07 
0.52 0.08 
0.49 0.08 
0.36 0.06 
0.44 0.07 
0.41 0.07 
0.44 0.07 
0.44 0.07 
0.42 0.07 
0.43 0.07 
0.42 0.07 
0.45 0.07 
0.51 0.08 
0.51 0.08 
0.44 0.07 


0.69 0.07 
0.52 0.05 
0.61 0.06 
0.64 0.07 
0.57 0.06 
0.62 0.06 
0.67 0.07 
0.65 0.07 
0.69 0.07 
0.60 0.06 
0.66 0.07 
0.54 0.06 
0.58 0.06 
0.64 0.07 
0.69 0.07 
0.59 0.06 
0.67 0.07 
0.58 0.06 
0.63 0.07 
0.60 0.06 
0.53 0.06 
0.49 0.05 
0.57 0.06 
0.54 0.06 
0.55 0.06 
0.51 0.05 
0.41 0.04 
0.35 0.04 


30 

31 

32 

33 

34 


-u.zy oo.y^ u.zt 

0.00 86.30 0.27 
0.29 86.07 0.27 
0.57 86.18 0.27 
0.86 86.00 0.27 
1.15 85.99 0.27 


6.15 0.09 
6.32 0.09 
6.41 0.09 
6.45 0.10 
6.54 0.10 


0.58 0.04 
0.65 0.05 
0.68 0.05 
0.69 0.05 
0.66 0.05 


o.lO U.UC 

3.21 0.08 
3.11 0.07 
3.15 0.07 
3.21 0.08 
3.19 0.08 


0.30 0.02 2.80 
0.28 0.02 2.90 
0.25 0.02 2.71 
0.28 0.02 2.78 
0.24 0.02 2.80 


0.20 

0.21 

0.20 

0.20 

0.20 


0.40 

0.40 

0.36 

0.34 

0.33 


0.06 

0.06 

0.06 

0.05 

0.05 


U.di U.UO 

0.27 0.03 
0.27 0.03 
0.26 0.03 
0.25 0.03 
0.24 0.03 


35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 


1.44 85.53 0.27 

1.72 84.89 0.27 
2.01 84.42 0.27 

2.30 84.06 0.26 

2.58 83.94 0.26 

2.87 83.48 0.26 
3.16 83.18 0.26 

3.44 83.01 0.26 

3.73 82.66 0.26 
4.02 82.16 0.26 

4.31 82.04 0.26 

4.59 81.73 0.26 

4.88 81.34 0.26 


6.66 0.10 

6.83 0.10 
7.00 0.10 
7.33 0.11 
7.43 0.11 
7.66 0.11 
7.77 0.12 
8.00 0.12 
8.18 0.12 
8.42 0.12 

8.83 0.13 
8.93 0.13 
9.18 0.14 


0.70 0.05 3.45 

0.71 0.05 3.38 

0.66 0.05 3.67 

0.72 0.05 3.64 

0.70 0.05 3.80 

0.68 0.05 3.79 

0.72 0.05 3.88 

0.79 0.06 3.89 

0.81 0.06 3.86 

0.88 0.06 4.03 

0.91 0.06 3.95 

1.01 0.07 3.98 

0.98 0.07 3.95 


0.08 0.28 0.02 

0.08 0.28 0.02 

0.09 0.31 0.02 

0.09 0.25 0.02 

0.09 0.27 0.02 

0.09 0.37 0.02 

0.09 0.34 0.02 

0.09 0.31 0.02 

0.09 0.34 0.02 

0.10 0.36 0.02 

0.09 0.39 0.02 

0.09 0.38 0.02 

0.09 0.44 0.03 


2.86 0.21 0.27 

3.21 0.23 0.40 

3.35 0.24 0.34 

3.30 0.24 0.42 

3.28 0.24 0.33 

3.34 0.24 0.41 

3.39 0.25 0.44 

3.29 0.24 0.43 

3.39 0.25 0.47 

3.45 0.25 0.42 

3.23 0.23 0.35 

3.27 0.24 0.42 

3.44 0.25 0.41 


0.04 0.25 0.03 

0.06 0.30 0.03 

0.05 0.25 0.03 

0.07 0.27 0.03 

0.05 0.25 0.03 

0.06 0.26 0.03 

0.07 0.29 0.03 

0.07 0.28 0.03 

0.07 0.29 0.03 

0.07 0.28 0.03 

0.06 0.30 0.03 

0.07 0.29 0.03 

0.07 0.27 0.03 
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48 

5.17 

81.21 

0.26 

9.40 0.14 

1.01 

0.07 

4.09 

0.10 

0.36 0.02 

3.19 

0.23 

0.40 

0.06 

0.34 

0.04 

49 

5.45 

80.93 

0.25 

9.53 0.14 

0.99 

0.07 

4.25 

0.10 

0.46 0.03 

3.10 

0.22 

0.40 

0.06 

0.35 

0.04 

50 

5.74 

80.15 

0.25 

9.80 0.15 

1.06 

0.07 

4.39 

0.10 

0.46 0.03 

3.53 

0.26 

0.32 

0.05 

0.29 

0.03 

51 

6.03 

79.79 

0.25 

10.05 0.15 

1.13 

0.08 

4.17 

0.10 

0.46 0.03 

3.61 

0.26 

0.47 

0.08 

0.30 

0.03 

52 

6.32 

79.71 

0.25 

10.23 0.15 

1.08 

0.08 

4.29 

0.10 

0.45 0.03 

3.53 

0.26 

0.37 

0.06 

0.34 

0.04 

53 

6.60 

79.54 

0.25 

10.09 0.15 

1.02 

0.07 

4.34 

0.10 

0.60 0.04 

3.55 

0.26 

0.48 

0.08 

0.38 

0.04 

54 

6.89 

79.40 

0.25 

10.22 0.15 

1.04 

0.07 

4.53 

0.11 

0.55 0.04 

3.51 

0.25 

0.46 

0.07 

0.28 

0.03 

55 

7.18 

79.26 

0.25 

10.45 0.15 

1.13 

0.08 

4.47 

0.11 

0.51 0.03 

3.51 

0.25 

0.40 

0.06 

0.26 

0.03 

56 

7.46 

79.27 

0.25 

10.65 0.16 

1.10 

0.08 

4.35 

0.10 

0.49 0.03 

3.47 

0.25 

0.36 

0.06 

0.31 

0.03 

57 

7.75 

78.74 

0.25 

10.84 0.16 

1.09 

0.08 

4.44 

0.10 

0.51 0.03 

3.55 

0.26 

0.47 

0.08 

0.35 

0.04 

58 

8.04 

78.71 

0.25 

10.98 0.16 

1.19 

0.08 

4.33 

0.10 

0.56 0.04 

3.43 

0.25 

0.43 

0.07 

0.38 

0.04 

59 

8.33 

78.69 

0.25 

11.01 0.16 

1.26 

0.09 

4.43 

0.10 

0.58 0.04 

3.18 

0.23 

0.48 

0.08 

0.35 

0.04 

60 

8.61 

78.72 

0.25 

11.06 0.16 

1.19 

0.08 

4.50 

0.11 

0.55 0.04 

3.25 

0.24 

0.39 

0.06 

0.33 

0.03 

61 

8.90 

78.65 

0.25 

11.08 0.16 

1.23 

0.09 

4.45 

0.11 

0.59 0.04 

3.38 

0.24 

0.30 

0.05 

0.33 

0.03 

62 

9.19 

78.42 

0.25 

11.20 0.17 

1.18 

0.08 

4.47 

0.11 

0.60 0.04 

3.37 

0.24 

0.37 

0.06 

0.37 

0.04 

63 

9.47 

77.99 

0.25 

11.14 0.16 

1.19 

0.08 

4.63 

0.11 

0.59 0.04 

3.67 

0.27 

0.44 

0.07 

0.34 

0.04 

64 

9.76 

77.99 

0.25 

11.27 0.17 

1.22 

0.09 

4.40 

0.10 

0.65 0.04 

3.59 

0.26 

0.47 

0.08 

0.40 

0.04 

65 

10.05 

77.89 

0.24 

11.62 0.17 

1.20 

0.08 

4.45 

0.11 

0.66 0.04 

3.32 

0.24 

0.38 

0.06 

0.48 

0.05 

66 

10.33 

78.00 

0.25 

11.46 0.17 

1.16 

0.08 

4.44 

0.10 

0.76 0.05 

3.34 

0.24 

0.43 

0.07 

0.42 

0.04 

67 

10.62 

77.80 

0.24 

11.41 0.17 

1.20 

0.08 

4.59 

0.11 

0.70 0.04 

3.55 

0.26 

0.42 

0.07 

0.33 

0.03 

68 

10.91 

77.58 

0.24 

11.52 0.17 

1.21 

0.09 

4.57 

0.11 

0.71 0.05 

3.73 

0.27 

0.37 

0.06 

0.30 

0.03 

69 

11.20 

77.49 

0.24 

11.75 0.17 

1.19 

0.08 

4.61 

0.11 

0.60 0.04 

3.51 

0.25 

0.53 

0.08 

0.32 

0.03 

70 

11.48 

77.67 

0.24 

11.75 0.17 

1.27 

0.09 

4.58 

0.11 

0.71 0.05 

3.13 

0.23 

0.56 

0.09 

0.33 

0.03 
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Agglomerate FLD14.1 


Table J.12: Major element compositions (as wt.% oxides) from a line traverse across the interface of surface 
agglomerate FLD14.1 (from agglomerate FLD14.1 to host FLD14) extracted from quantified EDS composi¬ 
tional maps. The EDS compositional maps were collected at a resolution of 5.8 pixels/pm. The smoothing 
width for this traverse was 250 pixels (42.6 pm) wide. This is a Si interface and has been centered at 
x = 0 based on the SiC>2 maximum. Peak points within 2cr of the Si02 maximum are Highlighted in yellow. 
Uncertainties are 2SEOM. 


Position 
Pt. (|im) 

1 -28.12 

2 -27.95 

3 -27.78 

4 -27.61 

5 -27.44 

6 -27.27 

7 -27.10 

8 -26.93 

9 -26.76 

10 -26.59 

11 -26.42 

12 -26.25 

13 -26.08 

14 -25.91 

15 -25.74 

16 -25.57 

17 -25.40 

18 -25.23 

19 -25.05 

20 -24.89 

21 -24.71 

22 -24.54 

23 -24.37 

24 -24.20 

25 -24.03 

26 -23.86 

27 -23.69 

28 -23.52 

29 -23.35 

30 -23.18 

31 -23.01 

32 -22.84 

33 -22.67 

34 -22.50 

35 -22.33 

36 -22.16 

37 -21.99 

38 -21.82 

39 -21.65 

40 -21.48 

41 -21.30 

42 -21.14 

43 -20.96 

44 -20.79 

45 -20.62 

46 -20.45 

47 -20.28 

48 -20.11 

49 -19.94 

50 -19.77 


SiC>2 2 a 

75.50 0.16 

75.61 0.16 

75.58 0.16 

75.49 0.16 

75.41 0.16 

75.41 0.16 
75.25 0.15 

75.42 0.16 

75.52 0.16 

75.65 0.16 

75.53 0.16 

75.57 0.16 

75.67 0.16 

75.51 0.16 

75.58 0.16 

75.69 0.16 

75.54 0.16 

75.45 0.16 

75.67 0.16 

75.59 0.16 

75.49 0.16 

75.48 0.16 

75.58 0.16 

75.50 0.16 
75.82 0.16 

75.62 0.16 

75.62 0.16 

75.56 0.16 
75.74 0.16 

75.60 0.16 

75.61 0.16 

75.49 0.16 

75.58 0.16 

75.70 0.16 

75.52 0.16 

75.49 0.16 

75.56 0.16 

75.50 0.16 

75.46 0.16 

75.61 0.16 

75.71 0.16 

75.68 0.16 

75.69 0.16 

75.48 0.16 

75.59 0.16 

75.49 0.16 
75.39 0.16 
75.58 0.16 

75.62 0.16 
75.58 0.16 


AI2O3 

11.57 

11.60 

11.52 
11.55 
11.60 
11.61 
11.67 
11.62 
11.61 

11.48 

11.53 

11.51 

11.55 

11.56 

11.49 

11.54 
11.59 
11.62 
11.65 
11.53 
11.59 
11.59 
11.49 
11.61 
11.64 
11.61 

11.53 

11.54 
11.59 

11.57 

11.48 
11.56 

11.52 
11.38 

11.49 
11.61 
11.47 
11.43 

11.50 

11.58 
11.50 

11.47 

11.42 
11.45 
11.50 

11.43 
11.45 
11.50 
11.49 

11.48 


2(7 Na2 0 2cr K2O 2 ct CaO 2cr FcO 2 a Ti02 2 a MgO 2cr 


0.09 2.00 

0.09 2.02 

0.09 2.06 

0.09 2.10 

0.09 2.07 

0.09 2.13 

0.09 2.08 

0.09 2.08 

0.09 2.01 

0.09 2.01 

0.09 2.03 

0.09 1.99 

0.09 1.99 

0.09 2.04 

0.09 1.99 

0.09 2.02 

0.09 2.01 

0.09 2.00 

0.09 2.02 

0.09 2.02 

0.09 2.02 

0.09 1.96 

0.09 1.95 

0.09 1.98 

0.09 1.99 

0.09 1.90 

0.09 1.99 

0.09 2.02 

0.09 1.99 

0.09 1.95 

0.09 1.90 

0.09 1.94 

0.09 1.98 

0.09 2.00 

0.09 1.98 

0.09 1.96 

0.09 1.90 

0.09 1.91 

0.09 1.92 

0.09 1.96 

0.09 2.00 

0.09 1.99 

0.09 1.99 

0.09 1.99 

0.09 1.96 

0.09 2.01 

0.09 1.99 

0.09 1.96 

0.09 1.97 

0.09 1.97 


0.05 4.62 

0.05 4.58 

0.05 4.57 

0.05 4.53 

0.05 4.61 

0.05 4.55 

0.05 4.58 

0.05 4.59 

0.05 4.62 

0.05 4.63 

0.05 4.63 

0.05 4.64 

0.05 4.59 

0.05 4.52 

0.05 4.63 

0.05 4.55 

0.05 4.61 

0.05 4.60 

0.05 4.48 

0.05 4.63 

0.05 4.53 

0.04 4.54 

0.04 4.59 

0.05 4.59 

0.05 4.53 

0.04 4.61 

0.05 4.61 

0.05 4.61 

0.05 4.52 

0.04 4.53 

0.04 4.60 

0.04 4.62 

0.05 4.53 

0.05 4.56 

0.05 4.59 

0.04 4.55 

0.04 4.58 

0.04 4.61 

0.04 4.58 

0.04 4.50 

0.05 4.48 

0.05 4.47 

0.05 4.49 

0.05 4.56 

0.04 4.48 

0.05 4.57 

0.05 4.58 

0.04 4.52 

0.04 4.51 

0.04 4.60 


0.07 2.82 

0.07 2.76 

0.07 2.77 

0.07 2.71 

0.07 2.79 

0.07 2.77 

0.07 2.76 

0.07 2.82 

0.07 2.73 

0.07 2.75 

0.07 2.77 

0.07 2.75 

0.07 2.69 

0.07 2.75 

0.07 2.75 

0.07 2.72 

0.07 2.70 

0.07 2.80 

0.07 2.76 

0.07 2.79 

0.07 2.82 

0.07 2.89 

0.07 2.87 

0.07 2.86 

0.07 2.72 

0.07 2.88 

0.07 2.78 

0.07 2.82 

0.07 2.83 

0.07 2.89 

0.07 2.87 

0.07 2.89 

0.07 2.82 

0.07 2.92 

0.07 2.93 

0.07 2.88 

0.07 2.95 

0.07 2.97 

0.07 2.96 

0.07 2.83 

0.07 2.89 

0.07 2.84 

0.07 2.85 

0.07 2.93 

0.07 2.98 

0.07 2.98 

0.07 2.93 

0.07 2.97 

0.07 2.97 

0.07 2.96 


2.64 0.10 

2.54 0.10 

2.62 0.10 

2.71 0.11 
2.68 0.11 

2.63 0.10 
2.73 0.11 

2.59 0.10 

2.61 0.10 

2.57 0.10 

2.63 0.10 

2.65 0.10 

2.57 0.10 

2.69 0.11 

2.62 0.10 

2.57 0.10 

2.59 0.10 

2.56 0.10 

2.50 0.10 

2.60 0.10 

2.65 0.10 

2.66 0.10 

2.65 0.10 

2.60 0.10 
2.39 0.09 

2.55 0.10 

2.64 0.10 

2.59 0.10 
2.45 0.10 

2.56 0.10 

2.66 0.10 

2.59 0.10 

2.63 0.10 

2.57 0.10 

2.61 0.10 

2.60 0.10 

2.70 0.11 

2.71 0.11 
2.68 0.11 

2.58 0.10 

2.53 0.10 
2.68 0.11 

2.67 0.10 

2.66 0.10 

2.60 0.10 

2.65 0.10 
2.75 0.11 

2.62 0.10 

2.60 0.10 

2.54 0.10 


0.42 0.04 
0.42 0.04 
0.42 0.04 
0.41 0.04 
0.37 0.04 
0.42 0.04 
0.45 0.04 
0.41 0.04 
0.44 0.04 
0.46 0.04 
0.44 0.04 
0.44 0.04 
0.47 0.04 
0.44 0.04 
0.46 0.04 
0.44 0.04 
0.46 0.04 
0.48 0.05 
0.46 0.04 
0.40 0.04 
0.44 0.04 
0.45 0.04 
0.42 0.04 
0.36 0.03 
0.42 0.04 
0.41 0.04 
0.39 0.04 
0.43 0.04 
0.42 0.04 
0.45 0.04 
0.44 0.04 
0.43 0.04 
0.44 0.04 
0.41 0.04 
0.43 0.04 
0.41 0.04 
0.39 0.04 
0.42 0.04 
0.44 0.04 
0.46 0.04 
0.43 0.04 
0.44 0.04 
0.41 0.04 
0.42 0.04 
0.45 0.04 
0.45 0.04 
0.47 0.04 
0.42 0.04 
0.38 0.04 
0.43 0.04 


0.43 0.03 
0.46 0.03 
0.46 0.03 
0.49 0.03 
0.47 0.03 
0.47 0.03 
0.47 0.03 
0.47 0.03 
0.47 0.03 
0.44 0.03 
0.45 0.03 
0.45 0.03 
0.46 0.03 
0.49 0.03 
0.48 0.03 
0.47 0.03 
0.49 0.03 
0.48 0.03 
0.45 0.03 
0.45 0.03 
0.45 0.03 
0.43 0.03 
0.45 0.03 
0.49 0.03 
0.48 0.03 
0.42 0.03 
0.44 0.03 
0.43 0.03 
0.46 0.03 
0.46 0.03 
0.44 0.03 
0.47 0.03 
0.49 0.03 
0.45 0.03 
0.45 0.03 
0.50 0.03 
0.44 0.03 
0.45 0.03 
0.45 0.03 
0.47 0.03 
0.47 0.03 
0.42 0.03 
0.48 0.03 
0.51 0.04 
0.43 0.03 
0.42 0.03 
0.44 0.03 
0.43 0.03 
0.46 0.03 
0.44 0.03 
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11.44 0.09 1.98 0.05 4.54 0.07 2.95 

11.40 0.09 1.93 0.04 4.47 0.07 3.03 

11.39 0.09 2.01 0.05 4.55 0.07 2.92 

11.38 0.09 1.94 0.04 4.50 0.07 2.92 

11.39 0.09 1.98 0.04 4.53 0.07 2.98 

11.41 0.09 2.02 0.05 4.47 0.07 2.96 

11.52 0.09 1.98 0.05 4.54 0.07 2.86 

11.34 0.09 1.89 0.04 4.54 0.07 2.91 

11.37 0.09 1.90 0.04 4.58 0.07 2.97 

11.34 0.09 1.93 0.04 4.55 0.07 3.01 

11.42 0.09 1.93 0.04 4.46 0.07 2.99 

11.35 0.09 1.92 0.04 4.53 0.07 3.00 

11.31 0.09 1.89 0.04 4.52 0.07 3.01 

11.48 0.09 1.95 0.04 4.49 0.07 2.95 

11.37 0.09 1.98 0.04 4.47 0.07 3.12 

11.37 0.09 1.94 0.04 4.48 0.07 3.13 

11.38 0.09 1.95 0.04 4.48 0.07 2.99 

11.42 0.09 1.93 0.04 4.44 0.07 3.13 

11.32 0.09 1.98 0.04 4.52 0.07 3.09 

11.33 0.09 2.00 0.05 4.55 0.07 3.08 

11.39 0.09 1.97 0.04 4.51 0.07 3.06 

11.30 0.09 1.97 0.04 4.51 0.07 3.03 

11.36 0.09 1.92 0.04 4.47 0.07 3.14 

11.36 0.09 1.89 0.04 4.45 0.07 3.06 

11.37 0.09 1.96 0.04 4.46 0.07 3.03 

11.34 0.09 1.92 0.04 4.48 0.07 3.04 

11.28 0.09 1.92 0.04 4.52 0.07 3.05 

11.27 0.09 1.90 0.04 4.50 0.07 3.05 

11.35 0.09 1.97 0.04 4.41 0.07 3.08 

11.23 0.09 1.91 0.04 4.45 0.07 3.07 

11.20 0.09 1.91 0.04 4.47 0.07 3.09 

11.21 0.09 1.90 0.04 4.47 0.07 3.14 

11.24 0.09 1.83 0.04 4.52 0.07 3.20 

11.22 0.09 1.88 0.04 4.41 0.07 3.09 

11.23 0.09 1.88 0.04 4.40 0.07 3.07 

11.31 0.09 1.92 0.04 4.38 0.07 3.01 

11.31 0.09 1.92 0.04 4.37 0.07 3.09 

11.12 0.09 1.94 0.04 4.47 0.07 3.08 

11.14 0.09 1.91 0.04 4.47 0.07 3.09 

11.17 0.09 1.90 0.04 4.42 0.07 3.05 

11.14 0.09 1.92 0.04 4.42 0.07 3.12 

11.20 0.09 1.85 0.04 4.37 0.07 3.09 

11.13 0.09 1.85 0.04 4.44 0.07 3.13 

11.09 0.09 1.84 0.04 4.45 0.07 3.12 

11.06 0.09 1.87 0.04 4.40 0.07 3.23 

11.03 0.09 1.86 0.04 4.44 0.07 3.16 

10.98 0.09 1.89 0.04 4.36 0.07 3.10 

11.01 0.09 1.84 0.04 4.40 0.07 3.13 

11.08 0.09 1.90 0.04 4.44 0.07 3.22 

11.07 0.09 1.88 0.04 4.38 0.07 3.13 

11.06 0.09 1.84 0.04 4.32 0.06 3.01 

10.98 0.09 1.84 0.04 4.38 0.07 3.07 

11.02 0.09 1.87 0.04 4.38 0.07 3.15 

10.99 0.09 1.87 0.04 4.42 0.07 3.17 

10.98 0.09 1.82 0.04 4.38 0.07 3.05 

10.94 0.09 1.82 0.04 4.38 0.07 3.10 

10.85 0.09 1.79 0.04 4.31 0.06 3.13 

10.87 0.09 1.84 0.04 4.34 0.06 3.14 

10.92 0.09 1.86 0.04 4.28 0.06 3.12 

10.83 0.09 1.78 0.04 4.38 0.07 3.22 

10.80 0.09 1.75 0.04 4.41 0.07 3.17 

10.80 0.09 1.79 0.04 4.42 0.07 3.11 


0.09 2.65 0.10 0.43 0.04 0.44 0.03 

0.10 2.69 0.11 0.42 0.04 0.49 0.03 

0.09 2.65 0.10 0.45 0.04 0.46 0.03 

0.09 2.57 0.10 0.33 0.03 0.48 0.03 

0.09 2.66 0.10 0.43 0.04 0.44 0.03 

0.09 2.66 0.10 0.47 0.04 0.46 0.03 

0.09 2.64 0.10 0.42 0.04 0.46 0.03 

0.09 2.67 0.10 0.39 0.04 0.46 0.03 

0.09 2.66 0.10 0.44 0.04 0.48 0.03 

0.10 2.76 0.11 0.42 0.04 0.46 0.03 

0.09 2.69 0.11 0.41 0.04 0.50 0.03 

0.09 2.64 0.10 0.42 0.04 0.45 0.03 

0.10 2.74 0.11 0.46 0.04 0.46 0.03 

0.09 2.49 0.10 0.44 0.04 0.46 0.03 

0.10 2.75 0.11 0.43 0.04 0.46 0.03 

0.10 2.69 0.11 0.40 0.04 0.47 0.03 

0.09 2.55 0.10 0.42 0.04 0.44 0.03 

0.10 2.58 0.10 0.44 0.04 0.47 0.03 

0.10 2.59 0.10 0.41 0.04 0.49 0.03 

0.10 2.54 0.10 0.40 0.04 0.47 0.03 

0.10 2.51 0.10 0.42 0.04 0.47 0.03 

0.10 2.70 0.11 0.44 0.04 0.52 0.04 

0.10 2.74 0.11 0.44 0.04 0.49 0.03 

0.10 2.80 0.11 0.49 0.05 0.48 0.03 

0.10 2.68 0.11 0.41 0.04 0.45 0.03 

0.10 2.75 0.11 0.37 0.04 0.46 0.03 

0.10 2.66 0.10 0.41 0.04 0.48 0.03 

0.10 2.77 0.11 0.42 0.04 0.45 0.03 

0.10 2.71 0.11 0.45 0.04 0.46 0.03 

0.10 2.82 0.11 0.47 0.04 0.44 0.03 

0.10 2.73 0.11 0.49 0.05 0.50 0.03 

0.10 2.67 0.10 0.42 0.04 0.49 0.03 

0.10 2.66 0.10 0.42 0.04 0.45 0.03 

0.10 2.70 0.11 0.38 0.04 0.48 0.03 

0.10 2.59 0.10 0.42 0.04 0.51 0.04 

0.10 2.57 0.10 0.43 0.04 0.52 0.04 

0.10 2.61 0.10 0.41 0.04 0.50 0.03 

0.10 2.75 0.11 0.42 0.04 0.44 0.03 

0.10 2.76 0.11 0.46 0.04 0.48 0.03 

0.10 2.78 0.11 0.40 0.04 0.49 0.03 

0.10 2.72 0.11 0.44 0.04 0.49 0.03 

0.10 2.64 0.10 0.42 0.04 0.51 0.04 

0.10 2.72 0.11 0.43 0.04 0.49 0.03 

0.10 2.71 0.11 0.41 0.04 0.50 0.03 

0.10 2.67 0.10 0.45 0.04 0.47 0.03 

0.10 2.76 0.11 0.42 0.04 0.47 0.03 

0.10 2.78 0.11 0.40 0.04 0.48 0.03 

0.10 2.83 0.11 0.39 0.04 0.47 0.03 

0.10 2.87 0.11 0.41 0.04 0.53 0.04 

0.10 2.77 0.11 0.43 0.04 0.49 0.03 

0.10 2.77 0.11 0.40 0.04 0.47 0.03 

0.10 2.72 0.11 0.37 0.03 0.49 0.03 

0.10 2.73 0.11 0.39 0.04 0.49 0.03 

0.10 2.79 0.11 0.42 0.04 0.49 0.03 

0.10 2.68 0.11 0.42 0.04 0.48 0.03 

0.10 2.71 0.11 0.46 0.04 0.47 0.03 

0.10 2.87 0.11 0.45 0.04 0.47 0.03 

0.10 2.85 0.11 0.42 0.04 0.50 0.03 

0.10 2.86 0.11 0.42 0.04 0.49 0.03 

0.10 2.74 0.11 0.43 0.04 0.51 0.04 

0.10 2.93 0.11 0.37 0.03 0.47 0.03 

0.10 2.92 0.11 0.38 0.04 0.50 0.03 
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113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 
161 
162 

163 

164 

165 


-9.03 76.08 0.16 
-8.86 76.28 0.16 
-8.69 76.11 0.16 
-8.52 76.34 0.16 
-8.35 76.27 0.16 
-8.18 76.28 0.16 
-8.01 76.42 0.16 

-7.84 76.42 0.16 
-7.67 76.61 0.16 
-7.50 76.67 0.16 
-7.33 76.35 0.16 
-7.16 76.48 0.16 
-6.99 76.59 0.16 
-6.82 76.69 0.16 
-6.65 76.66 0.16 
-6.48 76.71 0.16 
-6.31 76.78 0.16 
-6.14 76.81 0.16 
-5.96 76.83 0.16 
-5.80 76.96 0.16 
-5.62 77.19 0.16 
-5.45 77.23 0.16 
-5.28 77.25 0.16 
-5.11 77.16 0.16 
-4.94 77.25 0.16 
-4.77 77.40 0.16 
-4.60 77.45 0.16 
-4.43 77.40 0.16 
-4.26 77.44 0.16 
-4.09 77.63 0.16 
-3.92 77.62 0.16 
-3.75 77.52 0.16 
-3.58 77.67 0.16 
-3.41 77.53 0.16 
-3.24 77.73 0.16 
-3.07 77.87 0.16 
-2.90 77.97 0.16 
-2.73 78.12 0.16 
-2.56 78.27 0.16 
-2.39 78.18 0.16 
-2.21 78.22 0.16 

-2.05 78.50 0.16 
-1.87 78.62 0.16 
-1.70 78.60 0.16 
-1.53 78.85 0.16 
-1.36 78.84 0.16 
-1.19 78.78 0.16 
-1.02 78.92 0.16 
-0.85 79.05 0.16 
-0.68 78.98 0.16 
-0.51 79.00 0.16 

-0.34 79.12 0.16 
-0.17 79.03 0.16 


10.77 0.09 

10.70 0.08 
10.73 0.09 
10.69 0.08 

10.78 0.09 

10.64 0.08 

10.71 0.09 
10.68 0.08 

10.65 0.08 
10.65 0.08 
10.68 0.08 
10.54 0.08 
10.52 0.08 
10.49 0.08 
10.51 0.08 
10.46 0.08 
10.35 0.08 
10.38 0.08 
10.34 0.08 
10.28 0.08 
10.19 0.08 
10.29 0.08 
10.22 0.08 
10.17 0.08 
10.13 0.08 
10.17 0.08 
10.09 0.08 
10.08 0.08 
10.05 0.08 
10.01 0.08 

9.95 0.08 


9.78 0.08 
9.69 0.08 
9.72 0.08 
9.71 0.08 
9.66 0.08 
9.74 0.08 

9.61 0.08 

9.62 0.08 
9.52 0.08 
9.51 0.08 
9.45 0.08 
9.41 0.07 
9.30 0.07 

9.32 0.07 

9.33 0.07 
9.35 0.07 
9.37 0.07 
9.25 0.07 
9.24 0.07 


1.77 0.04 

1.77 0.04 
1.75 0.04 

1.78 0.04 

1.79 0.04 
1.79 0.04 
1.75 0.04 
1.73 0.04 

1.73 0.04 
1.81 0.04 
1.81 0.04 

1.74 0.04 

1.66 0.04 

1.71 0.04 

1.69 0.04 

1.70 0.04 
1.74 0.04 

1.72 0.04 

1.71 0.04 
1.68 0.04 
1.62 0.04 
1.64 0.04 

1.62 0.04 

1.63 0.04 
1.68 0.04 

1.67 0.04 

1.67 0.04 

1.61 0.04 
1.63 0.04 

1.68 0.04 

1.62 0.04 
1.55 0.04 

1.53 0.03 
1.55 0.04 

1.57 0.04 

1.52 0.03 

1.54 0.04 

1.53 0.03 
1.53 0.03 

1.58 0.04 

1.55 0.04 
1.52 0.03 
1.52 0.03 

1.49 0.03 
1.47 0.03 

1.44 0.03 

1.50 0.03 
1.47 0.03 

1.45 0.03 
1.47 0.03 

1.39 0.03 

1.40 0.03 
1.45 0.03 


4.44 0.07 

4.35 0.06 

4.36 0.07 
4.35 0.06 

4.28 0.06 
4.38 0.07 
4.27 0.06 

4.30 0.06 

4.31 0.06 

4.25 0.06 

4.26 0.06 

4.31 0.06 

4.32 0.06 

4.27 0.06 

4.33 0.06 
4.30 0.06 
4.25 0.06 

4.29 0.06 
4.25 0.06 

4.25 0.06 
4.23 0.06 

4.17 0.06 
4.27 0.06 

4.26 0.06 

4.22 0.06 

4.15 0.06 
4.19 0.06 

4.19 0.06 
4.11 0.06 
4.10 0.06 

4.18 0.06 

4.20 0.06 

4.23 0.06 

4.21 0.06 

4.24 0.06 

4.16 0.06 
4.13 0.06 
4.10 0.06 
4.09 0.06 
4.05 0.06 
4.13 0.06 
4.10 0.06 
4.04 0.06 
4.01 0.06 
4.03 0.06 
3.99 0.06 
4.05 0.06 
3.98 0.06 
4.02 0.06 
4.01 0.06 
4.08 0.06 
4.07 0.06 
4.05 0.06 


3.18 0.10 
3.14 0.10 
3.16 0.10 
3.14 0.10 
3.12 0.10 
3.14 0.10 
3.01 0.10 
3.01 0.10 

2.97 0.09 

2.92 0.09 
3.07 0.10 
3.14 0.10 
3.04 0.10 

2.98 0.09 
3.06 0.10 
3.09 0.10 
3.08 0.10 
3.00 0.09 
3.06 0.10 
3.02 0.10 

2.93 0.09 

2.89 0.09 

2.84 0.09 

2.99 0.09 
2.99 0.09 

2.90 0.09 

2.89 0.09 

2.85 0.09 

2.82 0.09 
2.76 0.09 

2.83 0.09 
2.92 0.09 

2.90 0.09 
2.88 0.09 
2.80 0.09 
2.75 0.09 
2.72 0.09 
2.70 0.09 
2.67 0.08 
2.61 0.08 
2.64 0.08 
2.60 0.08 
2.56 0.08 
2.54 0.08 
2.49 0.08 
2.52 0.08 

2.39 0.08 
2.42 0.08 

2.40 0.08 
2.36 0.07 
2.33 0.07 

2.41 0.08 
2.44 0.08 


2.86 0.11 

2.89 0.11 
3.02 0.12 
2.85 0.11 
2.85 0.11 

2.83 0.11 

2.90 0.11 
2.90 0.11 
2.82 0.11 
2.85 0.11 
2.94 0.12 

2.93 0.11 
2.99 0.12 
2.92 0.11 
2.80 0.11 

2.85 0.11 
2.90 0.11 
2.90 0.11 

2.94 0.12 
2.88 0.11 
2.92 0.11 

2.89 0.11 
2.92 0.11 
2.94 0.12 

2.84 0.11 
2.80 0.11 
2.78 0.11 

2.94 0.12 
3.03 0.12 

2.92 0.11 

2.93 0.11 
2.96 0.12 

2.90 0.11 
3.01 0.12 

2.95 0.12 
3.07 0.12 
2.99 0.12 
2.92 0.11 
2.90 0.11 

2.92 0.11 

2.93 0.12 
2.76 0.11 

2.86 0.11 
2.99 0.12 
2.84 0.11 

2.87 0.11 
3.07 0.12 

2.94 0.12 
2.84 0.11 

2.88 0.11 
2.90 0.11 
2.88 0.11 
2.88 0.11 


0.42 0.04 
0.39 0.04 
0.41 0.04 
0.37 0.04 
0.42 0.04 
0.41 0.04 
0.43 0.04 
0.44 0.04 
0.41 0.04 
0.36 0.03 
0.40 0.04 
0.39 0.04 
0.41 0.04 
0.43 0.04 
0.44 0.04 
0.40 0.04 
0.40 0.04 
0.37 0.04 
0.42 0.04 
0.43 0.04 
0.40 0.04 
0.39 0.04 
0.38 0.04 
0.35 0.03 
0.38 0.04 
0.42 0.04 
0.46 0.04 
0.44 0.04 
0.42 0.04 
0.38 0.04 
0.38 0.04 
0.41 0.04 
0.41 0.04 
0.43 0.04 
0.42 0.04 
0.43 0.04 
0.42 0.04 
0.41 0.04 
0.39 0.04 
0.40 0.04 
0.41 0.04 
0.39 0.04 
0.38 0.04 
0.36 0.03 
0.35 0.03 
0.45 0.04 
0.44 0.04 
0.45 0.04 
0.40 0.04 
0.42 0.04 
0.42 0.04 
0.36 0.03 
0.41 0.04 


0.48 0.03 
0.49 0.03 
0.46 0.03 
0.48 0.03 
0.50 0.03 
0.52 0.04 
0.50 0.03 
0.51 0.04 
0.51 0.04 
0.49 0.03 
0.48 0.03 
0.47 0.03 
0.46 0.03 
0.50 0.03 
0.50 0.03 
0.49 0.03 
0.51 0.04 
0.53 0.04 
0.46 0.03 
0.49 0.03 
0.51 0.04 
0.48 0.03 
0.50 0.03 
0.51 0.04 
0.51 0.04 
0.49 0.03 
0.47 0.03 
0.48 0.03 
0.51 0.03 
0.54 0.04 
0.49 0.03 
0.48 0.03 
0.46 0.03 
0.52 0.04 
0.50 0.03 
0.50 0.03 
0.50 0.03 
0.53 0.04 
0.49 0.03 
0.52 0.04 
0.50 0.03 
0.50 0.03 
0.50 0.03 
0.50 0.03 
0.51 0.04 
0.49 0.03 
0.47 0.03 
0.49 0.03 
0.51 0.04 
0.52 0.04 
0.51 0.03 
0.50 0.03 
0.52 0.04 


170 

171 

172 


u.uu fy.dd u.ib 

0.17 79.33 0.16 
0.34 79.27 0.16 
0.51 79.27 0.16 

0.68 79.20 0.16 
0.85 79.19 0.16 
1.02 79.18 0.16 


y.zti u.uf 

9.30 0.07 

9.27 0.07 

9.28 0.07 
9.41 0.07 
9.43 0.07 
9.40 0.07 


1.4d U.IM 

1.37 0.03 
1.42 0.03 
1.47 0.03 

1.41 0.03 
1.40 0.03 

1.42 0.03 


d.yo u.uo 

3.98 0.06 

3.99 0.06 
3.97 0.06 
3.96 0.06 
3.96 0.06 
4.02 0.06 


Z.Zt U.UY 

2.26 0.07 

2.27 0.07 

2.25 0.07 
2.23 0.07 

2.26 0.07 
2.30 0.07 


u.ii 

2.88 0.11 

2.87 0.11 

2.88 0.11 
2.88 0.11 
2.93 0.11 
2.82 0.11 


U.41 U.U4 

0.41 0.04 
0.40 0.04 
0.40 0.04 
0.40 0.04 
0.36 0.03 
0.39 0.04 


u.su U.Ud 

0.47 0.03 
0.51 0.03 
0.47 0.03 
0.50 0.03 
0.48 0.03 
0.46 0.03 


173 

174 


1.19 79.06 0.16 
1.36 78.93 0.16 


9.49 0.08 
9.58 0.08 


1.48 0.03 
1.44 0.03 


4.03 0.06 
4.01 0.06 


2.25 0.07 

2.26 0.07 


2.86 0.11 
2.94 0.12 


0.35 0.03 
0.36 0.03 


0.48 0.03 
0.48 0.03 
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175 1.53 78.97 0.16 9.54 0.08 1.48 0.03 3.98 0.06 2.29 0.07 2.91 0.11 0.38 0.04 0.44 0.03 

176 1.70 78.82 0.16 9.63 0.08 1.49 0.03 4.04 0.06 2.25 0.07 2.97 0.12 0.37 0.04 0.42 0.03 

177 1.88 78.68 0.16 9.78 0.08 1.44 0.03 4.08 0.06 2.25 0.07 2.88 0.11 0.40 0.04 0.48 0.03 

178 2.05 78.43 0.16 9.94 0.08 1.47 0.03 4.13 0.06 2.26 0.07 2.86 0.11 0.40 0.04 0.52 0.04 

179 2.22 78.37 0.16 10.04 0.08 1.48 0.03 4.10 0.06 2.26 0.07 2.86 0.11 0.40 0.04 0.49 0.03 

180 2.39 77.99 0.16 10.05 0.08 1.52 0.03 4.17 0.06 2.47 0.08 2.86 0.11 0.43 0.04 0.51 0.04 

181 2.56 77.88 0.16 10.13 0.08 1.52 0.03 4.16 0.06 2.49 0.08 2.92 0.11 0.39 0.04 0.50 0.03 

182 2.73 77.83 0.16 10.34 0.08 1.53 0.03 4.04 0.06 2.43 0.08 2.95 0.12 0.38 0.04 0.50 0.03 

183 2.90 77.58 0.16 10.36 0.08 1.51 0.03 4.18 0.06 2.47 0.08 3.03 0.12 0.39 0.04 0.47 0.03 

184 3.07 77.54 0.16 10.60 0.08 1.52 0.03 4.10 0.06 2.41 0.08 2.90 0.11 0.42 0.04 0.51 0.04 

185 3.24 77.31 0.16 10.68 0.08 1.55 0.04 4.13 0.06 2.52 0.08 2.92 0.11 0.41 0.04 0.48 0.03 

186 3.41 77.03 0.16 10.74 0.09 1.56 0.04 4.17 0.06 2.57 0.08 3.01 0.12 0.42 0.04 0.49 0.03 

187 3.58 76.85 0.16 10.97 0.09 1.64 0.04 4.17 0.06 2.58 0.08 2.91 0.11 0.40 0.04 0.49 0.03 

188 3.75 76.62 0.16 10.99 0.09 1.64 0.04 4.28 0.06 2.71 0.09 2.88 0.11 0.42 0.04 0.47 0.03 

189 3.92 76.56 0.16 11.13 0.09 1.64 0.04 4.28 0.06 2.63 0.08 2.87 0.11 0.41 0.04 0.47 0.03 

190 4.09 76.45 0.16 11.21 0.09 1.65 0.04 4.29 0.06 2.65 0.08 2.89 0.11 0.38 0.04 0.48 0.03 

191 4.26 76.21 0.16 11.43 0.09 1.68 0.04 4.20 0.06 2.67 0.08 2.89 0.11 0.44 0.04 0.49 0.03 

192 4.43 76.03 0.16 11.45 0.09 1.71 0.04 4.21 0.06 2.70 0.09 2.98 0.12 0.41 0.04 0.51 0.03 

193 4.60 75.81 0.16 11.44 0.09 1.72 0.04 4.33 0.06 2.75 0.09 3.03 0.12 0.41 0.04 0.52 0.04 

194 4.77 75.78 0.16 11.55 0.09 1.66 0.04 4.27 0.06 2.81 0.09 2.99 0.12 0.42 0.04 0.52 0.04 

195 4.94 75.63 0.16 11.68 0.09 1.69 0.04 4.32 0.06 2.82 0.09 2.96 0.12 0.43 0.04 0.47 0.03 

196 5.11 75.62 0.16 11.86 0.09 1.73 0.04 4.26 0.06 2.70 0.09 2.94 0.12 0.41 0.04 0.47 0.03 

197 5.28 75.45 0.16 11.81 0.09 1.72 0.04 4.35 0.06 2.79 0.09 2.95 0.12 0.42 0.04 0.50 0.03 

198 5.46 75.47 0.16 11.98 0.10 1.68 0.04 4.33 0.06 2.78 0.09 2.84 0.11 0.41 0.04 0.52 0.04 

199 5.62 75.33 0.15 11.95 0.09 1.73 0.04 4.31 0.06 2.85 0.09 2.92 0.11 0.43 0.04 0.48 0.03 

200 5.80 75.16 0.15 12.05 0.10 1.81 0.04 4.31 0.06 2.79 0.09 2.98 0.12 0.41 0.04 0.50 0.03 

201 5.97 75.23 0.15 12.01 0.10 1.74 0.04 4.33 0.06 2.84 0.09 2.95 0.12 0.44 0.04 0.47 0.03 

202 6.14 75.03 0.15 12.15 0.10 1.75 0.04 4.35 0.06 2.85 0.09 2.93 0.11 0.44 0.04 0.50 0.03 

203 6.31 75.12 0.15 12.20 0.10 1.72 0.04 4.29 0.06 2.85 0.09 2.87 0.11 0.44 0.04 0.50 0.03 

204 6.48 75.13 0.15 12.21 0.10 1.70 0.04 4.35 0.06 2.83 0.09 2.87 0.11 0.43 0.04 0.49 0.03 

205 6.65 75.21 0.15 12.12 0.10 1.73 0.04 4.35 0.06 2.73 0.09 2.91 0.11 0.47 0.04 0.47 0.03 

206 6.82 75.23 0.15 12.18 0.10 1.77 0.04 4.37 0.07 2.80 0.09 2.80 0.11 0.42 0.04 0.45 0.03 

207 6.99 75.15 0.15 12.17 0.10 1.74 0.04 4.36 0.07 2.83 0.09 2.86 0.11 0.44 0.04 0.46 0.03 

208 7.16 75.10 0.15 12.23 0.10 1.71 0.04 4.33 0.06 2.84 0.09 2.86 0.11 0.47 0.04 0.46 0.03 

209 7.33 75.07 0.15 12.21 0.10 1.77 0.04 4.34 0.06 2.84 0.09 2.88 0.11 0.47 0.04 0.43 0.03 

210 7.50 74.98 0.15 12.38 0.10 1.80 0.04 4.36 0.07 2.70 0.09 2.85 0.11 0.47 0.04 0.46 0.03 

211 7.67 75.04 0.15 12.28 0.10 1.76 0.04 4.39 0.07 2.71 0.09 2.91 0.11 0.43 0.04 0.49 0.03 

212 7.84 75.15 0.15 12.27 0.10 1.78 0.04 4.37 0.07 2.69 0.08 2.82 0.11 0.43 0.04 0.49 0.03 

213 8.01 75.27 0.15 12.25 0.10 1.71 0.04 4.35 0.06 2.73 0.09 2.77 0.11 0.44 0.04 0.47 0.03 

214 8.18 75.34 0.15 12.28 0.10 1.74 0.04 4.33 0.06 2.64 0.08 2.76 0.11 0.42 0.04 0.47 0.03 

215 8.35 75.27 0.15 12.33 0.10 1.75 0.04 4.35 0.06 2.63 0.08 2.73 0.11 0.45 0.04 0.47 0.03 

216 8.52 75.24 0.15 12.34 0.10 1.70 0.04 4.34 0.06 2.59 0.08 2.89 0.11 0.41 0.04 0.49 0.03 

217 8.69 75.08 0.15 12.33 0.10 1.75 0.04 4.42 0.07 2.69 0.09 2.84 0.11 0.44 0.04 0.45 0.03 

218 8.86 75.25 0.15 12.30 0.10 1.75 0.04 4.39 0.07 2.60 0.08 2.85 0.11 0.42 0.04 0.45 0.03 

219 9.03 75.37 0.16 12.42 0.10 1.70 0.04 4.36 0.07 2.52 0.08 2.69 0.11 0.45 0.04 0.49 0.03 

220 9.20 75.27 0.15 12.40 0.10 1.73 0.04 4.39 0.07 2.51 0.08 2.76 0.11 0.47 0.04 0.46 0.03 

221 9.37 75.34 0.15 12.40 0.10 1.73 0.04 4.34 0.06 2.51 0.08 2.79 0.11 0.44 0.04 0.45 0.03 

222 9.54 75.37 0.16 12.51 0.10 1.69 0.04 4.33 0.06 2.48 0.08 2.71 0.11 0.44 0.04 0.47 0.03 

223 9.72 75.43 0.16 12.44 0.10 1.73 0.04 4.40 0.07 2.46 0.08 2.69 0.11 0.39 0.04 0.46 0.03 

224 9.89 75.47 0.16 12.45 0.10 1.74 0.04 4.37 0.07 2.49 0.08 2.61 0.10 0.45 0.04 0.42 0.03 

225 10.06 75.41 0.16 12.51 0.10 1.76 0.04 4.31 0.06 2.41 0.08 2.69 0.11 0.46 0.04 0.46 0.03 

226 10.23 75.39 0.16 12.44 0.10 1.72 0.04 4.38 0.07 2.42 0.08 2.75 0.11 0.44 0.04 0.46 0.03 

227 10.40 75.36 0.15 12.44 0.10 1.76 0.04 4.33 0.06 2.41 0.08 2.76 0.11 0.46 0.04 0.48 0.03 

228 10.57 75.39 0.16 12.42 0.10 1.72 0.04 4.31 0.06 2.43 0.08 2.80 0.11 0.46 0.04 0.47 0.03 

229 10.74 75.66 0.16 12.46 0.10 1.67 0.04 4.35 0.07 2.32 0.07 2.64 0.10 0.44 0.04 0.45 0.03 

230 10.91 75.46 0.16 12.35 0.10 1.75 0.04 4.44 0.07 2.36 0.07 2.71 0.11 0.45 0.04 0.46 0.03 

231 11.08 75.35 0.15 12.44 0.10 1.76 0.04 4.39 0.07 2.38 0.08 2.81 0.11 0.42 0.04 0.45 0.03 

232 11.25 75.67 0.16 12.51 0.10 1.66 0.04 4.30 0.06 2.32 0.07 2.63 0.10 0.43 0.04 0.47 0.03 

233 11.42 75.60 0.16 12.57 0.10 1.68 0.04 4.29 0.06 2.26 0.07 2.70 0.11 0.43 0.04 0.47 0.03 

234 11.59 75.61 0.16 12.53 0.10 1.73 0.04 4.36 0.07 2.28 0.07 2.65 0.10 0.40 0.04 0.44 0.03 

235 11.76 75.78 0.16 12.42 0.10 1.72 0.04 4.35 0.06 2.26 0.07 2.67 0.10 0.39 0.04 0.42 0.03 

236 11.93 75.61 0.16 12.46 0.10 1.73 0.04 4.36 0.07 2.25 0.07 2.72 0.11 0.43 0.04 0.44 0.03 
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SCANS USING EDS MAPS 
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0.10 

0.45 

0.04 

0.44 

0.03 

296 

22.16 76.68 

0.16 

12.31 0 

.10 

1.44 

0.03 4.29 

0.06 

1.64 

0.05 

2.76 

0.11 

0.46 

0.04 

0.42 

0.03 

2S 

7 

22.33 76.62 

0.16 

12.36 0 

.10 

1.47 

0.03 4.27 

0.06 

1.67 

0.05 

2.69 

0.11 

0.46 

0.04 

0.46 

0.03 

298 

22.50 76.67 

0.16 

12.29 0 

.10 

1.43 

0.03 4.31 

0.06 

1.59 

0.05 

2.72 

0.11 

0.54 

0.05 

0.46 

0.03 
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299 22.67 76.64 

300 22.84 76.56 

301 23.01 76.63 

302 23.18 76.61 

303 23.35 76.46 

304 23.52 76.45 

305 23.69 76.53 

306 23.86 76.35 

307 24.03 76.51 

308 24.20 76.65 

309 24.37 76.44 

310 24.54 76.53 

311 24.71 76.51 

312 24.89 76.59 

313 25.06 76.43 

314 25.23 76.46 

315 25.40 76.28 

316 25.57 76.33 

317 25.74 76.41 

318 25.91 76.42 

319 26.08 76.56 

320 26.25 76.44 

321 26.42 76.30 

322 26.59 76.44 

323 26.76 76.46 

324 26.93 76.33 

325 27.10 76.36 

326 27.27 76.40 

327 27.44 76.46 

328 27.61 76.29 

329 27.78 76.29 

330 27.95 76.34 

331 28.12 76.34 

332 28.29 76.44 

333 28.46 76.29 

334 28.64 76.38 

335 28.81 76.35 

336 28.98 76.34 

337 29.15 76.37 

338 29.32 76.37 

339 29.49 76.23 

340 29.66 76.15 

341 29.83 76.24 

342 30.00 76.27 

343 30.17 76.32 

344 30.34 76.20 

345 30.51 76.18 

346 30.68 76.21 

347 30.85 76.25 

348 31.02 76.34 

349 31.19 76.26 

350 31.36 76.31 

351 31.53 76.32 

352 31.70 76.34 

353 31.87 76.15 

354 32.04 76.37 

355 32.21 76.21 


0.16 12.28 0.10 

0.16 12.35 0.10 

0.16 12.39 0.10 

0.16 12.38 0.10 

0.16 12.44 0.10 

0.16 12.43 0.10 

0.16 12.41 0.10 

0.16 12.33 0.10 

0.16 12.37 0.10 

0.16 12.40 0.10 

0.16 12.40 0.10 

0.16 12.44 0.10 

0.16 12.47 0.10 

0.16 12.46 0.10 

0.16 12.53 0.10 

0.16 12.49 0.10 

0.16 12.42 0.10 

0.16 12.41 0.10 

0.16 12.46 0.10 

0.16 12.50 0.10 

0.16 12.49 0.10 

0.16 12.54 0.10 

0.16 12.53 0.10 

0.16 12.49 0.10 

0.16 12.55 0.10 

0.16 12.43 0.10 

0.16 12.49 0.10 

0.16 12.51 0.10 

0.16 12.61 0.10 

0.16 12.55 0.10 

0.16 12.66 0.10 

0.16 12.59 0.10 

0.16 12.53 0.10 

0.16 12.57 0.10 

0.16 12.64 0.10 

0.16 12.59 0.10 

0.16 12.67 0.10 

0.16 12.60 0.10 

0.16 12.49 0.10 

0.16 12.67 0.10 

0.16 12.71 0.10 

0.16 12.76 0.10 

0.16 12.62 0.10 

0.16 12.59 0.10 

0.16 12.63 0.10 

0.16 12.63 0.10 

0.16 12.57 0.10 

0.16 12.61 0.10 

0.16 12.61 0.10 

0.16 12.64 0.10 

0.16 12.69 0.10 

0.16 12.67 0.10 

0.16 12.62 0.10 

0.16 12.48 0.10 

0.16 12.76 0.10 

0.16 12.69 0.10 

0.16 12.70 0.10 


1.49 0.03 4.35 

1.45 0.03 4.27 

1.47 0.03 4.19 

1.50 0.03 4.21 

1.44 0.03 4.27 

1.45 0.03 4.33 

1.45 0.03 4.31 

1.49 0.03 4.37 

1.45 0.03 4.38 

1.42 0.03 4.23 

1.48 0.03 4.31 

1.47 0.03 4.23 

1.43 0.03 4.27 

1.48 0.03 4.24 

1.42 0.03 4.25 

1.49 0.03 4.26 

1.47 0.03 4.32 

1.41 0.03 4.36 

1.46 0.03 4.25 

1.41 0.03 4.25 

1.41 0.03 4.20 

1.42 0.03 4.25 

1.47 0.03 4.28 

1.46 0.03 4.29 

1.49 0.03 4.23 

1.42 0.03 4.24 

1.42 0.03 4.33 

1.44 0.03 4.22 

1.41 0.03 4.22 

1.39 0.03 4.30 

1.38 0.03 4.25 

1.42 0.03 4.26 

1.39 0.03 4.34 

1.32 0.03 4.31 

1.36 0.03 4.26 

1.39 0.03 4.22 

1.40 0.03 4.21 

1.43 0.03 4.19 

1.40 0.03 4.26 

1.40 0.03 4.19 

1.45 0.03 4.21 

1.44 0.03 4.21 

1.43 0.03 4.22 

1.40 0.03 4.28 

1.43 0.03 4.19 

1.35 0.03 4.23 

1.42 0.03 4.22 

1.40 0.03 4.24 

1.43 0.03 4.25 

1.42 0.03 4.20 

1.39 0.03 4.25 

1.41 0.03 4.25 

1.41 0.03 4.26 

1.41 0.03 4.25 

1.45 0.03 4.16 

1.38 0.03 4.19 

1.42 0.03 4.22 


0.06 1.60 0.05 

0.06 1.72 0.05 

0.06 1.59 0.05 

0.06 1.53 0.05 

0.06 1.63 0.05 

0.06 1.63 0.05 

0.06 1.62 0.05 

0.07 1.69 0.05 

0.07 1.59 0.05 

0.06 1.53 0.05 

0.06 1.64 0.05 

0.06 1.57 0.05 

0.06 1.59 0.05 

0.06 1.60 0.05 

0.06 1.60 0.05 

0.06 1.61 0.05 

0.06 1.64 0.05 

0.07 1.65 0.05 

0.06 1.61 0.05 

0.06 1.63 0.05 

0.06 1.59 0.05 

0.06 1.61 0.05 

0.06 1.58 0.05 

0.06 1.61 0.05 

0.06 1.55 0.05 

0.06 1.62 0.05 

0.06 1.61 0.05 

0.06 1.61 0.05 

0.06 1.65 0.05 

0.06 1.64 0.05 

0.06 1.59 0.05 

0.06 1.58 0.05 

0.06 1.62 0.05 

0.06 1.59 0.05 

0.06 1.60 0.05 

0.06 1.63 0.05 

0.06 1.58 0.05 

0.06 1.55 0.05 

0.06 1.59 0.05 

0.06 1.61 0.05 

0.06 1.55 0.05 

0.06 1.57 0.05 

0.06 1.60 0.05 

0.06 1.58 0.05 

0.06 1.55 0.05 

0.06 1.69 0.05 

0.06 1.66 0.05 

0.06 1.60 0.05 

0.06 1.60 0.05 

0.06 1.59 0.05 

0.06 1.62 0.05 

0.06 1.54 0.05 

0.06 1.60 0.05 

0.06 1.62 0.05 

0.06 1.59 0.05 

0.06 1.58 0.05 

0.06 1.64 0.05 


2.67 0.10 0.50 

2.71 0.11 0.52 

2.82 0.11 0.50 

2.82 0.11 0.50 

2.83 0.11 0.50 

2.79 0.11 0.47 

2.78 0.11 0.46 

2.86 0.11 0.51 

2.76 0.11 0.50 

2.79 0.11 0.53 

2.83 0.11 0.48 

2.79 0.11 0.50 

2.84 0.11 0.48 

2.75 0.11 0.48 

2.81 0.11 0.51 

2.82 0.11 0.45 

2.95 0.12 0.46 

2.88 0.11 0.51 

2.93 0.11 0.44 

2.88 0.11 0.48 

2.79 0.11 0.49 

2.78 0.11 0.54 

2.88 0.11 0.52 

2.84 0.11 0.44 

2.81 0.11 0.45 

2.97 0.12 0.55 

2.84 0.11 0.51 

2.85 0.11 0.46 

2.67 0.10 0.48 

2.91 0.11 0.47 

2.92 0.11 0.45 

2.86 0.11 0.49 

2.84 0.11 0.50 

2.87 0.11 0.43 

2.89 0.11 0.49 

2.86 0.11 0.50 

2.85 0.11 0.49 

2.97 0.12 0.44 

2.96 0.12 0.47 

2.89 0.11 0.42 

2.93 0.12 0.45 

2.92 0.11 0.49 

2.93 0.11 0.52 

2.96 0.12 0.48 

2.93 0.12 0.44 

2.91 0.11 0.53 

2.98 0.12 0.49 

2.98 0.12 0.47 

2.97 0.12 0.41 

2.91 0.11 0.45 

2.89 0.11 0.47 

2.89 0.11 0.48 

2.87 0.11 0.48 

2.97 0.12 0.50 

2.93 0.12 0.50 

2.84 0.11 0.50 

2.92 0.11 0.46 


0.05 0.47 0.03 

0.05 0.41 0.03 

0.05 0.43 0.03 

0.05 0.45 0.03 

0.05 0.43 0.03 

0.04 0.45 0.03 

0.04 0.43 0.03 

0.05 0.41 0.03 

0.05 0.43 0.03 

0.05 0.45 0.03 

0.05 0.42 0.03 

0.05 0.46 0.03 

0.05 0.42 0.03 

0.05 0.41 0.03 

0.05 0.44 0.03 

0.04 0.42 0.03 

0.04 0.45 0.03 

0.05 0.45 0.03 

0.04 0.44 0.03 

0.05 0.43 0.03 

0.05 0.46 0.03 

0.05 0.44 0.03 

0.05 0.45 0.03 

0.04 0.43 0.03 

0.04 0.46 0.03 

0.05 0.43 0.03 

0.05 0.44 0.03 

0.04 0.50 0.03 

0.05 0.50 0.03 

0.04 0.44 0.03 

0.04 0.46 0.03 

0.05 0.47 0.03 

0.05 0.46 0.03 

0.04 0.46 0.03 

0.05 0.47 0.03 

0.05 0.44 0.03 

0.05 0.43 0.03 

0.04 0.48 0.03 

0.04 0.45 0.03 

0.04 0.46 0.03 

0.04 0.47 0.03 

0.05 0.47 0.03 

0.05 0.44 0.03 

0.05 0.45 0.03 

0.04 0.51 0.04 

0.05 0.45 0.03 

0.05 0.48 0.03 

0.04 0.49 0.03 

0.04 0.47 0.03 

0.04 0.45 0.03 

0.04 0.44 0.03 

0.05 0.45 0.03 

0.05 0.44 0.03 

0.05 0.43 0.03 

0.05 0.47 0.03 

0.05 0.46 0.03 

0.04 0.43 0.03 
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Agglomerate FLD23.1.1 


Table J.13: Major element compositions (as wt.% oxides) from a line traverse across the interface of sur¬ 
face agglomerate FLD23.1.1 (from agglomerate FLD23.1.1 to host FLD23) extracted from quantified EDS 
compositional maps. The EDS compositional maps were collected at a resolution of 4.7 pixels///m. The 
smoothing width for this traverse was 125 pixels (26.4 /xm) wide. This is a Si interface and has been centered 
at x = 0 based on the Si02 maximum. Peak points within 2a of the SiC>2 maximum are 
Uncertainties are 2SEOM. 


Position 
Pt. (/xm) 

1 -13.95 

2 -13.73 

3 -13.52 

4 -13.31 

5 -13.10 

6 -12.89 

7 -12.68 


10 -12.04 

11 -11.83 

12 -11.62 

13 -11.41 

14 -11.20 

15 -10.99 

16 -10.78 

17 -10.56 

18 -10.35 

19 -10.14 

20 -9.93 

21 -9.72 

22 -9.51 

23 -9.30 

24 -9.09 

25 -8.87 

26 -8.66 

27 -8.45 

28 -8.24 

29 -8.03 

30 -7.82 

31 -7.61 

32 -7.40 

33 -7.18 

34 -6.97 

35 -6.76 

36 -6.55 

37 -6.34 

38 -6.13 

39 -5.92 

40 -5.71 

41 -5.49 

42 -5.28 

43 -5.07 

44 -4.86 

45 -4.65 

46 -4.44 

47 -4.23 

48 -4.02 

49 -3.80 

50 -3.59 


SiC>2 2 a 

73.81 0.21 

73.69 0.21 
73.53 0.21 

73.67 0.21 

73.82 0.21 
73.66 0.21 

73.86 0.21 

73.94 0.21 
73.60 0.21 
73.77 0.21 
73.77 0.21 
73.85 0.21 
73.82 0.21 
73.77 0.21 
73.76 0.21 
73.81 0.21 

73.71 0.21 

73.98 0.21 

73.92 0.21 

73.93 0.21 
73.96 0.21 
74.08 0.21 

73.99 0.21 

73.70 0.21 
74.03 0.21 

73.89 0.21 
74.06 0.21 

73.90 0.21 

73.95 0.21 
73.99 0.21 

73.72 0.21 

73.68 0.21 

73.70 0.21 
73.65 0.21 
73.53 0.21 
73.52 0.21 

73.64 0.21 
73.62 0.21 
73.85 0.21 

73.71 0.21 

73.65 0.21 
74.01 0.21 
74.00 0.21 
73.98 0.21 
74.27 0.21 

74.57 0.21 

74.58 0.21 

74.87 0.21 

74.95 0.21 
75.11 0.21 


AI2O3 

12.86 

12.93 

12.93 

12.88 

12.81 

12.91 
12.76 

12.76 
12.83 
12.88 
13.09 
12.99 
12.86 
12.93 
12.78 

12.90 
12.83 

12.67 
12.74 
12.83 

12.77 

12.68 
12.76 
12.82 
12.76 

12.92 

12.91 

12.93 

12.87 

12.78 

12.92 
12.83 
12.80 

12.88 
13.02 
12.87 

12.76 
12.71 
12.68 

12.77 

12.70 

12.68 

12.71 
12.63 
12.49 
12.43 
12.29 
12.17 

11.93 
11.98 


2a 

"OIT 

0.14 

0.14 

0.13 

0.13 

0.14 

0.13 

0.13 

0.13 

0.13 

0.14 

0.14 

0.13 

0.14 

0.13 

0.14 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.14 

0.14 

0.14 

0.13 

0.13 

0.14 

0.13 

0.13 

0.13 

0.14 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.12 

0.13 


Na 2 Q 

3.16 
3.28 
3.28 
3.27 

3.17 

3.18 
3.11 
3.10 

3.15 

3.16 
3.20 


3.18 

3.14 

3.19 

3.24 

3.16 

3.17 
3.19 
3.10 

3.15 
3.08 

3.10 
3.09 

3.17 

3.11 

3.16 

3.18 

3.15 

3.19 
3.14 

3.16 

3.20 

3.19 
3.22 

3.17 
3.26 

3.25 
3.24 

3.20 
3.19 

3.21 
3.11 
3.05 
3.10 
3.08 
3.00 
2.92 
2.92 


2 a K2O 2 a CaO 2 a FcO 2 a Ti0 2 2 a MgO 2 a 


0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.08 

0.08 


4.08 

4.04 

4.07 

4.08 

4.06 

4.09 

4.21 

4.14 
4.19 

4.12 
4.04 
4.03 
4.06 
4.05 
4.16 
4.11 

4.16 
4.08 
4.03 
4.00 
4.08 
4.06 

4.13 

4.13 
4.05 
4.05 
4.02 
4.03 
4.02 
4.07 

4.15 

4.17 
4.19 

4.14 
4.08 
4.11 

4.10 
4.05 
4.08 

4.11 

4.16 

4.12 
4.08 

4.10 
4.12 
4.04 

4.11 
4.01 
4.11 
4.04 


0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 


2.29 

2.20 

2.35 

2.33 
2.32 

2.38 

2.25 
2.27 
2.31 

2.34 
2.18 

2.26 

2.39 
2.25 

2.34 

2.27 
2.25 
2.17 
2.21 
2.16 

2.23 

2.25 

2.26 

2.40 

2.31 
2.29 
2.22 

2.28 

2.24 
2.26 
2.20 

2.35 

2.32 
2.38 

2.36 
2.35 
2.32 
2.34 
2.32 
2.34 
2.42 
2.29 
2.23 

2.25 
2.21 
2.16 
2.22 
2.19 
2.23 
2.19 


0.10 

0.09 

0.10 

0.10 

0.10 

0.10 

0.09 

0.10 

0.10 

0.10 

0.09 

0.10 

0.10 

0.09 

0.10 

0.10 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.10 

0.10 

0.10 

0.10 

0.09 

0.10 

0.09 

0.10 

0.09 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 


2.86 

2.88 

2.82 

2.81 

2.84 
2.87 

2.91 
2.87 
3.01 

2.76 

2.73 

2.85 

2.87 
2.82 
2.81 

2.77 

2.88 
3.01 
2.90 

2.92 
2.94 

2.77 
2.81 

2.84 

2.78 
2.72 

2.74 
2.71 

2.75 
2.82 

2.85 
2.85 

2.85 
2.83 
2.81 
2.89 
2.97 
3.04 
2.82 
2.87 

2.86 

2.75 
2.74 
2.92 
2.89 
2.80 

2.77 

2.76 

2.86 

2.78 


0.15 

0.16 

0.15 

0.15 

0.15 

0.16 

0.16 

0.16 

0.16 

0.15 

0.15 

0.15 

0.16 

0.15 

0.15 

0.15 

0.16 

0.16 

0.16 

0.16 

0.16 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.16 

0.16 

0.16 

0.15 

0.16 

0.15 

0.15 

0.15 

0.16 

0.16 

0.15 

0.15 

0.15 

0.15 

0.15 


0.39 0.06 
0.43 0.06 
0.40 0.06 
0.40 0.06 
0.42 0.06 
0.37 0.05 
0.37 0.05 
0.38 0.05 
0.42 0.06 
0.45 0.06 
0.42 0.06 
0.39 0.06 
0.38 0.05 
0.46 0.07 
0.45 0.07 
0.37 0.05 
0.39 0.06 
0.41 0.06 
0.46 0.07 
0.39 0.06 
0.41 0.06 
0.45 0.07 
0.43 0.06 
0.46 0.07 
0.43 0.06 
0.39 0.06 
0.36 0.05 
0.39 0.06 
0.43 0.06 
0.42 0.06 
0.38 0.06 
0.42 0.06 
0.38 0.06 
0.36 0.05 
0.39 0.06 
0.45 0.07 
0.45 0.06 
0.41 0.06 
0.43 0.06 
0.38 0.05 
0.47 0.07 
0.43 0.06 
0.45 0.06 
0.45 0.06 
0.41 0.06 
0.37 0.05 
0.37 0.05 
0.40 0.06 
0.47 0.07 
0.42 0.06 


0.56 0.04 
0.54 0.04 
0.62 0.05 
0.56 0.04 
0.56 0.04 
0.54 0.04 
0.53 0.04 
0.55 0.04 
0.50 0.04 
0.53 0.04 
0.58 0.05 
0.54 0.04 
0.52 0.04 
0.54 0.04 
0.56 0.04 
0.57 0.05 
0.55 0.04 
0.53 0.04 
0.57 0.05 
0.59 0.05 
0.51 0.04 
0.55 0.04 
0.55 0.04 
0.55 0.04 
0.54 0.04 
0.57 0.04 
0.58 0.05 
0.60 0.05 
0.55 0.04 
0.51 0.04 
0.59 0.05 
0.56 0.04 
0.60 0.05 
0.57 0.04 
0.61 0.05 
0.58 0.05 
0.59 0.05 
0.58 0.05 
0.57 0.04 
0.59 0.05 
0.54 0.04 
0.54 0.04 
0.59 0.05 
0.56 0.04 
0.55 0.04 
0.52 0.04 
0.58 0.05 
0.60 0.05 
0.53 0.04 
0.57 0.04 





APPENDIX J. INTERFACE SCANS USING EDS MAPS 


526 


51 

52 

53 

54 

55 

56 

57 

58 

59 


62 

63 

64 

65 


-3.38 75.53 0.21 
-3.17 75.86 0.21 
-2.96 76.17 0.21 
-2.75 76.44 0.22 
-2.54 76.94 0.22 
-2.32 77.30 0.22 
-2.11 77.51 0.22 

-1.90 77.83 0.22 
-1.69 78.10 0.22 
-1.48 78.37 0.22 
-1.27 78.47 0.22 
-1.06 78.67 0.22 
-0.85 78.96 0.22 
-0.63 79.05 0.22 
-0.42 79.24 0.22 


11.76 0.12 
11.59 0.12 
11.47 0.12 
11.11 0.12 
10.99 0.12 
10.81 0.11 
10.50 0.11 
10.32 0.11 
10.15 0.11 
9.98 0.10 
9.97 0.10 
9.83 0.10 
9.66 0.10 
9.58 0.10 
9.47 0.10 


2.85 0.08 
2.82 0.08 
2.76 0.08 
2.71 0.08 
2.68 0.08 

2.59 0.07 

2.60 0.07 
2.54 0.07 
2.50 0.07 

2.48 0.07 
2.45 0.07 
2.42 0.07 

2.49 0.07 
2.42 0.07 
2.41 0.07 


4.11 0.10 
4.08 0.10 
4.05 0.10 

4.12 0.10 
4.01 0.10 
3.96 0.10 
4.03 0.10 
3.96 0.10 
3.99 0.10 
3.90 0.10 
3.86 0.09 
3.78 0.09 
3.71 0.09 
3.78 0.09 
3.77 0.09 


2.10 0.09 
2.02 0.09 
1.94 0.08 
1.88 0.08 
1.81 0.08 

1.73 0.07 

1.74 0.07 
1.69 0.07 
1.61 0.07 
1.63 0.07 

1.54 0.07 
1.52 0.06 

1.55 0.07 

1.56 0.07 
1.54 0.06 


2.74 0.15 

2.67 0.14 

2.68 0.15 
2.80 0.15 
2.66 0.14 
2.77 0.15 

2.70 0.15 

2.76 0.15 
2.72 0.15 
2.62 0.14 
2.80 0.15 
2.85 0.15 

2.77 0.15 

2.71 0.15 
2.71 0.15 


0.36 0.05 
0.43 0.06 
0.40 0.06 
0.41 0.06 
0.37 0.05 
0.36 0.05 
0.42 0.06 
0.40 0.06 
0.44 0.06 
0.50 0.07 
0.40 0.06 
0.41 0.06 
0.35 0.05 
0.38 0.05 
0.37 0.05 


0.55 0.04 
0.53 0.04 
0.53 0.04 
0.53 0.04 
0.53 0.04 
0.48 0.04 
0.50 0.04 
0.50 0.04 
0.50 0.04 
0.51 0.04 
0.51 0.04 
0.52 0.04 
0.51 0.04 
0.52 0.04 
0.49 0.04 


0.00 79.49 0.22 
0.21 79.16 0.22 

0.42 79.24 0.22 
0.63 79.27 0.22 
0.84 79.32 0.22 


9.35 0.10 2.42 0.07 3.72 0.09 1.43 0.06 2.75 0.15 0.37 0.05 0.47 0.04 

9.35 0.10 2.42 0.07 3.70 0.09 1.55 0.07 2.92 0.16 0.41 0.06 0.49 0.04 

9.30 0.10 2.50 0.07 3.75 0.09 1.47 0.06 2.83 0.15 0.38 0.06 0.53 0.04 

9.40 0.10 2.48 0.07 3.78 0.09 1.49 0.06 2.70 0.15 0.36 0.05 0.50 0.04 

9.41 0.10 2.40 0.07 3.73 0.09 1.51 0.06 2.77 0.15 0.39 0.06 0.46 0.04 


72 

73 

74 

75 

76 

77 

78 

79 


82 

83 

84 

85 

86 
87 


91 

92 


95 

96 

97 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 


1.06 79.10 0.22 

1.27 79.14 0.22 

1.48 78.97 0.22 

1.69 78.81 0.22 
1.90 78.91 0.22 
2.11 78.79 0.22 
2.32 78.83 0.22 

2.54 78.58 0.22 

2.75 78.46 0.22 

2.96 78.47 0.22 

3.17 78.31 0.22 

3.38 78.31 0.22 

3.59 78.20 0.22 
3.80 78.27 0.22 
4.01 78.01 0.22 

4.23 77.85 0.22 

4.44 77.83 0.22 

4.65 77.99 0.22 

4.86 77.81 0.22 
5.07 77.46 0.22 

5.28 77.65 0.22 

5.49 77.41 0.22 

5.70 77.49 0.22 
5.92 77.53 0.22 
6.13 77.49 0.22 
6.34 77.29 0.22 

6.55 77.25 0.22 

6.76 77.26 0.22 

6.97 77.35 0.22 

7.18 77.12 0.22 

7.39 77.14 0.22 

7.61 77.04 0.22 

7.82 76.95 0.22 
8.03 76.91 0.22 

8.24 76.96 0.22 

8.45 76.78 0.22 

8.66 76.79 0.22 

8.87 76.66 0.22 

9.09 76.77 0.22 
9.30 76.81 0.22 
9.51 76.59 0.22 


9.39 0.10 
9.41 0.10 
9.45 0.10 
9.47 0.10 
9.47 0.10 

9.40 0.10 
9.44 0.10 
9.66 0.10 
9.64 0.10 

9.66 0.10 

9.67 0.10 
9.85 0.10 

9.90 0.10 
9.89 0.10 

9.83 0.10 
9.94 0.10 

9.84 0.10 

9.91 0.10 
9.98 0.10 

10.14 0.11 
10.19 0.11 
10.07 0.11 
10.10 0.11 
10.18 0.11 
10.17 0.11 
10.33 0.11 
10.17 0.11 
10.27 0.11 
10.26 0.11 
10.48 0.11 
10.53 0.11 

10.51 0.11 

10.52 0.11 
10.47 0.11 
10.46 0.11 
10.55 0.11 
10.67 0.11 

10.70 0.11 

10.71 0.11 
10.66 0.11 
10.71 0.11 


2.50 0.07 

2.44 0.07 
2.42 0.07 

2.45 0.07 

2.55 0.07 
2.60 0.07 
2.58 0.07 

2.56 0.07 
2.62 0.08 
2.60 0.07 
2.68 0.08 
2.67 0.08 
2.66 0.08 
2.64 0.08 

2.71 0.08 

2.74 0.08 

2.73 0.08 

2.75 0.08 
2.75 0.08 

2.72 0.08 

2.74 0.08 
2.82 0.08 
2.78 0.08 
2.71 0.08 
2.85 0.08 
2.88 0.08 
2.88 0.08 

2.87 0.08 

2.78 0.08 

2.79 0.08 
2.79 0.08 

2.88 0.08 
2.85 0.08 
2.84 0.08 
2.79 0.08 

2.89 0.08 

2.90 0.08 

2.91 0.08 
2.88 0.08 
2.83 0.08 
2.88 0.08 


3.73 0.09 
3.69 0.09 

3.74 0.09 

3.83 0.09 

3.79 0.09 

3.84 0.09 
3.81 0.09 

3.80 0.09 
3.84 0.09 

3.80 0.09 

3.88 0.10 
3.83 0.09 

3.81 0.09 

3.75 0.09 

3.89 0.10 

3.91 0.10 

3.93 0.10 

3.87 0.10 

3.94 0.10 

3.92 0.10 
3.92 0.10 

3.90 0.10 
3.90 0.10 

3.97 0.10 

3.88 0.10 

3.89 0.10 

3.98 0.10 
3.96 0.10 
3.94 0.10 

3.99 0.10 
4.04 0.10 
3.87 0.10 
3.92 0.10 
4.03 0.10 
4.05 0.10 
4.02 0.10 
3.96 0.10 
3.99 0.10 
4.05 0.10 
4.11 0.10 
4.13 0.10 


1.53 0.06 
1.57 0.07 

1.63 0.07 

1.64 0.07 
1.60 0.07 
1.63 0.07 

1.72 0.07 
1.70 0.07 

1.74 0.07 

1.73 0.07 

1.75 0.07 

1.65 0.07 

1.74 0.07 
1.70 0.07 

1.66 0.07 

1.66 0.07 
1.74 0.07 
1.68 0.07 

1.67 0.07 
1.81 0.08 

1.76 0.07 

1.87 0.08 

1.83 0.08 
1.85 0.08 

1.85 0.08 

1.88 0.08 

1.84 0.08 
1.80 0.08 
1.80 0.08 

1.77 0.07 

1.86 0.08 
1.84 0.08 

1.83 0.08 
1.89 0.08 

1.84 0.08 
1.93 0.08 

1.84 0.08 
1.92 0.08 

1.85 0.08 
1.87 0.08 
1.85 0.08 


2.83 0.15 

2.82 0.15 

2.86 0.15 

2.84 0.15 

2.75 0.15 
2.84 0.15 
2.78 0.15 

2.80 0.15 

2.81 0.15 

2.87 0.15 

2.83 0.15 

2.77 0.15 

2.84 0.15 

2.85 0.15 

2.93 0.16 
2.95 0.16 

2.94 0.16 

2.78 0.15 
2.92 0.16 

2.95 0.16 
2.78 0.15 
2.90 0.16 
3.01 0.16 
2.84 0.15 
2.84 0.15 
2.80 0.15 
2.89 0.16 

2.96 0.16 

2.97 0.16 

2.97 0.16 

2.76 0.15 

2.92 0.16 
2.99 0.16 
2.89 0.16 

2.98 0.16 

2.93 0.16 
2.89 0.16 
2.87 0.16 

2.86 0.15 
2.75 0.15 
2.92 0.16 


0.31 0.04 
0.36 0.05 
0.38 0.06 
0.43 0.06 
0.39 0.06 
0.37 0.05 
0.33 0.05 
0.35 0.05 
0.37 0.05 
0.41 0.06 
0.37 0.05 
0.33 0.05 
0.31 0.04 
0.37 0.05 
0.44 0.06 
0.45 0.06 
0.46 0.07 
0.47 0.07 
0.39 0.06 
0.43 0.06 
0.39 0.06 
0.48 0.07 
0.40 0.06 
0.37 0.05 
0.38 0.05 
0.39 0.06 
0.42 0.06 
0.37 0.05 
0.38 0.05 
0.35 0.05 
0.36 0.05 
0.39 0.06 
0.44 0.06 
0.42 0.06 
0.41 0.06 
0.36 0.05 
0.36 0.05 
0.38 0.05 
0.36 0.05 
0.46 0.07 
0.40 0.06 


0.60 0.05 
0.57 0.05 
0.53 0.04 
0.53 0.04 
0.53 0.04 
0.54 0.04 
0.52 0.04 
0.54 0.04 
0.51 0.04 
0.47 0.04 
0.51 0.04 
0.59 0.05 
0.54 0.04 
0.52 0.04 
0.52 0.04 
0.50 0.04 
0.53 0.04 
0.56 0.04 
0.54 0.04 
0.56 0.04 
0.57 0.05 
0.54 0.04 
0.50 0.04 
0.55 0.04 
0.55 0.04 
0.54 0.04 
0.57 0.04 
0.52 0.04 
0.52 0.04 
0.54 0.04 
0.51 0.04 
0.55 0.04 
0.49 0.04 
0.53 0.04 
0.52 0.04 
0.56 0.04 
0.58 0.05 
0.57 0.04 
0.53 0.04 
0.53 0.04 
0.51 0.04 
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527 

113 

9.72 

76.64 

0.22 

10.73 0 

n 

2.90 

0.08 

4.04 

0.10 

1.85 

0.08 

2.90 

0.16 

0.41 

0.06 

0.53 

0.04 

114 

9.93 

76.58 

0.22 

10.87 0 

n 

2.92 

0.08 

4.07 

0.10 

1.88 

0.08 

2.78 

0.15 

0.37 

0.05 

0.53 

0.04 

115 

10.14 

76.71 

0.22 

10.81 0 

n 

2.88 

0.08 

4.01 

0.10 

1.88 

0.08 

2.84 

0.15 

0.37 

0.05 

0.50 

0.04 

116 

10.35 

76.35 

0.21 

10.86 0 

n 

2.92 

0.08 

4.05 

0.10 

1.95 

0.08 

2.95 

0.16 

0.38 

0.05 

0.54 

0.04 

117 

10.56 

76.64 

0.22 

10.92 0 

n 

2.86 

0.08 

3.99 

0.10 

1.86 

0.08 

2.83 

0.15 

0.35 

0.05 

0.55 

0.04 

118 

10.77 

76.34 

0.21 

10.91 0 

n 

2.85 

0.08 

4.06 

0.10 

1.98 

0.08 

2.88 

0.16 

0.41 

0.06 

0.58 

0.05 

119 

10.99 

76.38 

0.21 

10.87 0 

n 

2.96 

0.08 

4.04 

0.10 

1.99 

0.08 

2.78 

0.15 

0.40 

0.06 

0.57 

0.05 

120 

11.20 

76.31 

0.21 

10.75 0 

n 

3.01 

0.09 

4.08 

0.10 

2.00 

0.08 

2.93 

0.16 

0.40 

0.06 

0.53 

0.04 

121 

11.41 

76.25 

0.21 

10.69 0 

n 

3.05 

0.09 

4.14 

0.10 

1.96 

0.08 

2.98 

0.16 

0.43 

0.06 

0.49 

0.04 

122 

11.62 

76.34 

0.21 

10.72 0 

n 

2.98 

0.09 

4.19 

0.10 

1.92 

0.08 

2.92 

0.16 

0.45 

0.06 

0.48 

0.04 

123 

11.83 

76.31 

0.21 

10.92 0 

n 

2.98 

0.09 

4.10 

0.10 

1.98 

0.08 

2.80 

0.15 

0.40 

0.06 

0.51 

0.04 

124 

12.04 

76.12 

0.21 

10.94 0 

n 

3.11 

0.09 

4.09 

0.10 

2.01 

0.08 

2.83 

0.15 

0.38 

0.05 

0.53 

0.04 

125 

12.25 

76.22 

0.21 

10.92 0 

n 

3.07 

0.09 

4.04 

0.10 

1.97 

0.08 

2.82 

0.15 

0.41 

0.06 

0.55 

0.04 

126 

12.46 

76.26 

0.21 

10.89 0 

n 

3.00 

0.09 

4.06 

0.10 

1.93 

0.08 

2.89 

0.16 

0.42 

0.06 

0.56 

0.04 

127 

12.68 

76.07 

0.21 

11.08 0 

12 

3.00 

0.09 

4.13 

0.10 

1.96 

0.08 

2.79 

0.15 

0.41 

0.06 

0.57 

0.04 

128 

12.89 

75.76 

0.21 

10.97 0 

11 

3.05 

0.09 

4.16 

0.10 

2.02 

0.09 

3.09 

0.17 

0.42 

0.06 

0.54 

0.04 

129 

13.10 

75.86 

0.21 

11.12 0 

12 

3.07 

0.09 

4.12 

0.10 

1.95 

0.08 

2.96 

0.16 

0.39 

0.06 

0.52 

0.04 

130 

13.31 

76.26 

0.21 

11.00 0 

12 

2.99 

0.09 

4.11 

0.10 

1.94 

0.08 

2.79 

0.15 

0.36 

0.05 

0.54 

0.04 

131 

13.52 

76.20 

0.21 

11.06 0 

12 

3.04 

0.09 

4.05 

0.10 

1.94 

0.08 

2.77 

0.15 

0.39 

0.06 

0.54 

0.04 

132 

13.73 

76.03 

0.21 

•it. 14 0 

12 

3.10 

0.09 

4.06 

0.10 

1.89 

0.08 

2.82 

0.15 

0.44 

0.06 

0.53 

0.04 

133 

13.94 

76.09 

0.21 

10.97 0 

11 

3.08 

0.09 

4.08 

0.10 

1.96 

0.08 

2.94 

0.16 

0.34 

0.05 

0.53 

0.04 

134 

14.16 

76.02 

0.21 

11.10 0 

12 

3.06 

0.09 

4.17 

0.10 

1.91 

0.08 

2.84 

0.15 

0.42 

0.06 

0.49 

0.04 

135 

14.37 

75.89 

0.21 

11.12 0 

12 

3.06 

0.09 

4.22 

0.10 

1.92 

0.08 

2.75 

0.15 

0.49 

0.07 

0.56 

0.04 

136 

14.58 

75.93 

0.21 

11.06 0 

12 

3.08 

0.09 

4.16 

0.10 

2.01 

0.08 

2.82 

0.15 

0.45 

0.06 

0.50 

0.04 

137 

14.79 

75.96 

0.21 

11.19 0 

12 

3.06 

0.09 

4.06 

0.10 

1.94 

0.08 

2.89 

0.16 

0.40 

0.06 

0.52 

0.04 

138 

15.00 

75.92 

0.21 

11.17 0 

12 

3.09 

0.09 

4.06 

0.10 

1.97 

0.08 

2.89 

0.16 

0.40 

0.06 

0.51 

0.04 

139 

15.21 

75.75 

0.21 

11.19 0 

12 

3.16 

0.09 

4.13 

0.10 

1.98 

0.08 

2.83 

0.15 

0.43 

0.06 

0.52 

0.04 

140 

15.42 

75.89 

0.21 

11.15 0 

12 

3.11 

0.09 

4.14 

0.10 

1.97 

0.08 

2.83 

0.15 

0.38 

0.05 

0.53 

0.04 

141 

15.63 

75.87 

0.21 

11.16 0 

12 

3.10 

0.09 

4.24 

0.10 

1.95 

0.08 

2.77 

0.15 

0.37 

0.05 

0.53 

0.04 

142 

15.85 

75.79 

0.21 

11.33 0 

12 

3.19 

0.09 

4.13 

0.10 

1.89 

0.08 

2.73 

0.15 

0.39 

0.06 

0.55 

0.04 

143 

16.06 

76.00 

0.21 

11.26 0 

12 

3.13 

0.09 

4.09 

0.10 

1.86 

0.08 

2.79 

0.15 

0.36 

0.05 

0.51 

0.04 

144 

16.27 

75.65 

0.21 

11.28 0 

12 

3.18 

0.09 

4.15 

0.10 

1.92 

0.08 

2.88 

0.16 

0.43 

0.06 

0.52 

0.04 

145 

16.48 

75.67 

0.21 

11.26 0 

12 

3.20 

0.09 

4.18 

0.10 

1.89 

0.08 

2.80 

0.15 

0.45 

0.07 

0.54 

0.04 

146 

16.69 

75.86 

0.21 

11.16 0 

12 

3.16 

0.09 

4.19 

0.10 

1.86 

0.08 

2.90 

0.16 

0.35 

0.05 

0.52 

0.04 

147 

16.90 

75.77 

0.21 

11.33 0 

12 

3.20 

0.09 

4.16 

0.10 

1.91 

0.08 

2.76 

0.15 

0.34 

0.05 

0.53 

0.04 

148 

17.11 

75.65 

0.21 

11.34 0 

12 

3.24 

0.09 

4.15 

0.10 

1.94 

0.08 

2.79 

0.15 

0.38 

0.05 

0.52 

0.04 

149 

17.32 

75.64 

0.21 

11.22 0 

12 

3.14 

0.09 

4.30 

0.11 

1.99 

0.08 

2.84 

0.15 

0.35 

0.05 

0.51 

0.04 

150 

17.54 

75.63 

0.21 

11.28 0 

12 

3.15 

0.09 

4.16 

0.10 

1.91 

0.08 

2.94 

0.16 

0.38 

0.06 

0.55 

0.04 

151 

17.75 

75.62 

0.21 

11.20 0 

12 

3.13 

0.09 

4.19 

0.10 

1.96 

0.08 

2.94 

0.16 

0.41 

0.06 

0.55 

0.04 

152 

17.96 

75.56 

0.21 

11.32 0 

12 

3.09 

0.09 

4.20 

0.10 

1.92 

0.08 

2.95 

0.16 

0.45 

0.06 

0.51 

0.04 

153 

18.17 

75.56 

0.21 

11.10 0 

12 

3.26 

0.09 

4.13 

0.10 

1.91 

0.08 

2.81 

0.15 

0.40 

0.06 

0.54 

0.04 

154 

18.38 

75.51 

0.21 

11.44 0 

12 

3.28 

0.09 

4.22 

0.10 

1.88 

0.08 

2.75 

0.15 

0.37 

0.05 

0.54 

0.04 

155 

18.59 

75.69 

0.21 

11.47 0 

12 

3.23 

0.09 

4.21 

0.10 

1.89 

0.08 

2.58 

0.14 

0.39 

0.06 

0.55 

0.04 

156 

18.80 

75.57 

0.21 

11.43 0 

12 

3.18 

0.09 

4.21 

0.10 

2.01 

0.08 

2.71 

0.15 

0.36 

0.05 

0.53 

0.04 

157 

19.02 

75.60 

0.21 

11.44 0 

12 

3.22 

0.09 

4.19 

0.10 

1.97 

0.08 

2.71 

0.15 

0.36 

0.05 

0.52 

0.04 

158 

19.23 

75.47 

0.21 

11.42 0 

12 

3.29 

0.09 

4.20 

0.10 

1.93 

0.08 

2.73 

0.15 

0.46 

0.07 

0.50 

0.04 

159 

19.44 

75.45 

0.21 

11.56 0 

12 

3.25 

0.09 

4.14 

0.10 

1.92 

0.08 

2.78 

0.15 

0.40 

0.06 

0.49 

0.04 

160 

19.65 

75.67 

0.21 

11.47 0 

12 

3.27 

0.09 

4.13 

0.10 

1.90 

0.08 

2.72 

0.15 

0.36 

0.05 

0.48 

0.04 

161 

19.86 

75.53 

0.21 

11.28 0 

12 

3.33 

0.10 

4.22 

0.10 

1.89 

0.08 

2.81 

0.15 

0.38 

0.05 

0.55 

0.04 

162 

20.07 

75.83 

0.21 

11.38 0 

12 

3.19 

0.09 

4.08 

0.10 

1.81 

0.08 

2.79 

0.15 

0.41 

0.06 

0.52 

0.04 

163 

20.28 

75.54 

0.21 

11.49 0 

12 

3.24 

0.09 

4.08 

0.10 

1.92 

0.08 

2.83 

0.15 

0.39 

0.06 

0.52 

0.04 

164 

20.49 

75.42 

0.21 

11,47 0 

12 

3.19 

0.09 

4.21 

0.10 

1.96 

0.08 

2.74 

0.15 

0.43 

0.06 

0.57 

0.04 

165 

20.70 

75.72 

0.21 

11.49 0 

12 

3.24 

0.09 

4.15 

0.10 

1.83 

0.08 

2.70 

0.15 

0.36 

0.05 

0.51 

0.04 

166 

20.92 

75.39 

0.21 

11.48 0 

12 

3.24 

0.09 

4.21 

0.10 

1.94 

0.08 

2.80 

0.15 

0.40 

0.06 

0.53 

0.04 
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Agglomerate FLD23.1.2 


Table J.14: Major element compositions (as wt.% oxides) from a line traverse across the interface of sur¬ 
face agglomerate FLD23.1.2 (from agglomerate FLD23.1.2 to host FLD23) extracted from quantified EDS 
compositional maps. The EDS compositional maps were collected at a resolution of 4.7 pixels//iin. The 
smoothing width for this traverse was 125 pixels (26.4 /xm) wide. This is an Si interface and has been 
centered at x = 0 based on the SiC>2 maximum. Peak points within 2er of the SiC>2 maximum are BPBMMjlB 
in yellcm|. Uncertainties are 2SEOM. 


Position 
Pt. (|im) 

1 -14.37 

2 -14.16 

3 -13.94 

4 -13.73 

5 -13.52 

6 -13.31 

7 -13.10 


10 -12.47 

11 -12.25 

12 -12.04 

13 -11.83 

14 -11.62 

15 -11.41 

16 -11.20 

17 -10.99 

18 -10.78 

19 -10.56 

20 -10.35 

21 -10.14 

22 -9.93 

23 -9.72 

24 -9.51 

25 -9.30 

26 -9.09 

27 -8.87 

28 -8.66 

29 -8.45 

30 -8.24 

31 -8.03 

32 -7.82 

33 -7.61 

34 -7.40 

35 -7.18 

36 -6.97 

37 -6.76 

38 -6.55 

39 -6.34 

40 -6.13 

41 -5.92 

42 -5.70 

43 -5.49 

44 -5.28 

45 -5.07 

46 -4.86 

47 -4.65 

48 -4.44 

49 -4.23 

50 -4.01 


SiC>2 2 a 
74.61 0.21 

74.55 0.21 

74.56 0.21 
74.59 0.21 
74.32 0.21 

74.45 0.21 

74.46 0.21 
74.13 0.21 

74.19 0.21 
74.16 0.21 
74.11 0.21 

74.10 0.21 
73.82 0.21 
73.93 0.21 
73.75 0.21 
73.99 0.21 
74.01 0.21 
73.93 0.21 
73.92 0.21 
73.85 0.21 
74.03 0.21 

73.97 0.21 
74.07 0.21 

74.11 0.21 
74.03 0.21 
74.18 0.21 
74.07 0.21 
74.36 0.21 

74.30 0.21 

74.56 0.21 
74.64 0.21 

74.31 0.21 

74.57 0.21 
74.51 0.21 
74.51 0.21 
74.77 0.21 
74.54 0.21 
74.41 0.21 
74.28 0.21 

74.48 0.21 

74.49 0.21 
74.07 0.21 
74.25 0.21 
74.30 0.21 
74.10 0.21 
74.15 0.21 
74.22 0.21 

74.20 0.21 

73.98 0.21 
74.01 0.21 


AI2O3 

12.82 

12.58 

12.69 

12.81 

12.83 

12.92 

12.86 

12.83 

12.87 
12.97 
13.01 
12.89 
13.00 
13.09 
13.03 
13.09 

13.13 
13.07 

13.14 
13.05 
13.08 
13.09 
13.02 
12.91 
13.05 
12.99 
12.94 
12.91 

12.88 
12.94 
12.79 
12.97 
13.10 
12.97 
12.86 
13.01 
13.07 
13.06 
13.01 
13.07 
13.08 
13.05 
13.09 
13.20 
13.26 
13.12 
13.03 
13.16 
13.20 
13.26 


2a 

"0l3“ 

0.13 

0.13 

0.13 

0.13 

0.14 

0.13 

0.13 

0.13 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.13 

0.14 

0.13 

0.14 

0.14 

0.14 

0.13 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 


Na 2 Q 

2.83 

2.89 
2.80 
2.86 

2.90 
2.87 
2.86 
2.81 
2.89 
2.81 

2.74 
2.78 

2.75 
2.83 
2.83 
2.80 
2.80 

2.85 

2.78 
2.83 

2.86 
2.80 
2.82 
2.82 
2.80 

2.79 
2.75 

2.71 
2.77 
2.77 
2.69 
2.81 
2.83 
2.73 

2.72 
2.75 
2.77 

2.79 

2.80 
2.79 
2.72 
2.86 
2.85 
2.82 

2.85 
2.77 
2.83 

2.83 

2.86 

2.84 


2(7 K2O 2(7 CaO 2(7 FcO 2 a Ti0 2 2 a MgO 2 a 


0.08 4.08 0.10 

0.08 4.10 0.10 

0.08 4.03 0.10 

0.08 4.06 0.10 

0.08 4.11 0.10 

0.08 3.93 0.10 

0.08 3.97 0.10 

0.08 4.06 0.10 

0.08 4.10 0.10 

0.08 3.95 0.10 

0.08 4.04 0.10 

0.08 4.02 0.10 

0.08 4.06 0.10 

0.08 3.94 0.10 

0.08 4.07 0.10 

0.08 4.03 0.10 

0.08 3.97 0.10 

0.08 3.98 0.10 

0.08 3.98 0.10 

0.08 4.07 0.10 

0.08 4.01 0.10 

0.08 4.05 0.10 

0.08 4.08 0.10 

0.08 4.11 0.10 

0.08 4.11 0.10 

0.08 4.11 0.10 

0.08 4.19 0.10 

0.08 4.09 0.10 

0.08 4.14 0.10 

0.08 4.11 0.10 

0.08 4.22 0.10 

0.08 4.11 0.10 

0.08 4.05 0.10 

0.08 4.15 0.10 

0.08 4.18 0.10 

0.08 4.01 0.10 

0.08 4.03 0.10 

0.08 4.09 0.10 

0.08 4.24 0.10 

0.08 4.08 0.10 

0.08 4.12 0.10 

0.08 4.22 0.10 

0.08 4.16 0.10 

0.08 4.13 0.10 

0.08 4.12 0.10 

0.08 4.15 0.10 

0.08 4.25 0.10 

0.08 4.08 0.10 

0.08 4.16 0.10 

0.08 4.22 0.10 


1.92 0.08 2.74 0.15 
2.02 0.09 2.80 0.15 
1.99 0.08 2.85 0.15 
2.01 0.08 2.66 0.14 
2.08 0.09 2.67 0.14 
2.00 0.08 2.77 0.15 
2.04 0.09 2.78 0.15 
2.09 0.09 3.08 0.17 
2.05 0.09 2.89 0.16 

2.11 0.09 2.92 0.16 
2.18 0.09 2.85 0.15 
2.20 0.09 2.94 0.16 
2.20 0.09 3.08 0.17 

2.16 0.09 3.00 0.16 
2.18 0.09 3.06 0.17 
2.10 0.09 2.91 0.16 
2.15 0.09 2.93 0.16 

2.12 0.09 3.01 0.16 
2.09 0.09 2.92 0.16 

2.17 0.09 2.99 0.16 
2.00 0.08 2.94 0.16 
2.02 0.09 2.97 0.16 
2.09 0.09 2.90 0.16 
2.07 0.09 3.01 0.16 
1.99 0.08 2.99 0.16 
1.97 0.08 2.93 0.16 

2.13 0.09 2.91 0.16 

1.96 0.08 2.98 0.16 
2.00 0.08 2.93 0.16 

1.92 0.08 2.70 0.15 
1.89 0.08 2.76 0.15 
1.85 0.08 2.87 0.16 
1.80 0.08 2.71 0.15 
1.87 0.08 2.77 0.15 
1.82 0.08 2.86 0.15 
1.82 0.08 2.65 0.14 
1.85 0.08 2.73 0.15 
1.89 0.08 2.76 0.15 

1.91 0.08 2.79 0.15 

1.85 0.08 2.77 0.15 

1.86 0.08 2.75 0.15 

1.97 0.08 2.84 0.15 

1.93 0.08 2.73 0.15 

1.87 0.08 2.71 0.15 

1.92 0.08 2.74 0.15 

1.98 0.08 2.75 0.15 
1.96 0.08 2.70 0.15 
1.91 0.08 2.77 0.15 
2.00 0.08 2.79 0.15 
1.98 0.08 2.68 0.15 


0.41 0.06 
0.47 0.07 
0.48 0.07 
0.43 0.06 
0.46 0.07 
0.40 0.06 
0.41 0.06 
0.43 0.06 
0.41 0.06 
0.42 0.06 
0.43 0.06 
0.46 0.07 
0.48 0.07 
0.36 0.05 
0.44 0.06 
0.45 0.06 
0.38 0.06 
0.44 0.06 
0.49 0.07 
0.43 0.06 
0.47 0.07 
0.43 0.06 
0.45 0.06 
0.41 0.06 
0.38 0.06 
0.39 0.06 
0.43 0.06 
0.41 0.06 
0.36 0.05 
0.41 0.06 
0.44 0.06 
0.46 0.07 
0.34 0.05 
0.38 0.05 
0.48 0.07 
0.39 0.06 
0.42 0.06 
0.42 0.06 
0.42 0.06 
0.37 0.05 
0.35 0.05 
0.41 0.06 
0.43 0.06 
0.41 0.06 
0.42 0.06 
0.47 0.07 
0.41 0.06 
0.43 0.06 
0.41 0.06 
0.43 0.06 


0.59 0.05 
0.58 0.05 
0.60 0.05 
0.59 0.05 
0.62 0.05 
0.65 0.05 
0.62 0.05 
0.58 0.05 
0.58 0.05 
0.66 0.05 
0.64 0.05 
0.60 0.05 
0.62 0.05 
0.69 0.05 
0.65 0.05 
0.64 0.05 
0.63 0.05 
0.60 0.05 
0.69 0.05 
0.59 0.05 
0.61 0.05 
0.66 0.05 
0.58 0.05 
0.56 0.04 
0.66 0.05 
0.64 0.05 
0.59 0.05 
0.58 0.05 
0.63 0.05 
0.60 0.05 
0.58 0.05 
0.63 0.05 
0.61 0.05 
0.62 0.05 
0.56 0.04 
0.61 0.05 
0.58 0.05 
0.58 0.05 
0.55 0.04 
0.60 0.05 
0.63 0.05 
0.58 0.05 
0.55 0.04 
0.55 0.04 
0.59 0.05 
0.61 0.05 
0.61 0.05 
0.63 0.05 
0.60 0.05 
0.58 0.05 
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51 

52 

53 

54 

55 

56 

57 

58 

59 


62 

63 

64 

65 

66 
67 


-3.80 73.92 0.21 
-3.59 74.06 0.21 
-3.38 74.20 0.21 
-3.17 74.32 0.21 
-2.96 74.14 0.21 
-2.75 74.20 0.21 
-2.54 74.56 0.21 
-2.32 74.77 0.21 
-2.11 75.10 0.21 
-1.90 75.34 0.21 
-1.69 75.77 0.21 
-1.48 76.77 0.22 
-1.27 77.61 0.22 
-1.06 78.53 0.22 
-0.85 79.57 0.22 
-0.63 80.23 0.23 
-0.42 80.76 0.23 


13.25 0.14 
13.22 0.14 
13.18 0.14 
12.90 0.14 
12.82 0.13 
12.70 0.13 
12.75 0.13 
12.56 0.13 
12.32 0.13 
12.15 0.13 
11.80 0.12 

11.36 0.12 
11.06 0.12 

10.36 0.11 
9.78 0.10 
9.48 0.10 
9.11 0.10 


2.80 0.08 
2.82 0.08 
2.82 0.08 
2.74 0.08 
2.76 0.08 
2.79 0.08 
2.69 0.08 
2.72 0.08 
2.69 0.08 
2.59 0.07 
2.53 0.07 
2.44 0.07 
2.30 0.07 
2.22 0.06 
2.12 0.06 
2.03 0.06 
2.00 0.06 


4.20 0.10 
4.17 0.10 

4.12 0.10 
4.10 0.10 

4.21 0.10 
4.32 0.11 

4.13 0.10 
4.01 0.10 
4.04 0.10 
4.02 0.10 
4.00 0.10 
3.92 0.10 
3.83 0.09 
3.79 0.09 

3.75 0.09 

3.76 0.09 
3.75 0.09 


2.00 0.08 
1.97 0.08 
1.99 0.08 
2.00 0.08 
1.95 0.08 
2.17 0.09 
2.00 0.08 

1.94 0.08 
1.87 0.08 

1.95 0.08 
1.87 0.08 
1.65 0.07 
1.55 0.07 
1.41 0.06 
1.27 0.05 
1.13 0.05 
1.16 0.05 


2.80 0.15 
2.76 0.15 
2.75 0.15 
2.88 0.16 
3.13 0.17 
2.86 0.15 
2.92 0.16 
2.92 0.16 
2.96 0.16 
2.96 0.16 
3.02 0.16 
2.89 0.16 
2.71 0.15 
2.83 0.15 
2.63 0.14 
2.49 0.13 
2.49 0.13 


0.42 0.06 
0.40 0.06 
0.38 0.05 
0.48 0.07 
0.42 0.06 
0.43 0.06 
0.38 0.05 
0.44 0.06 
0.49 0.07 
0.43 0.06 
0.46 0.07 
0.38 0.05 
0.37 0.05 
0.32 0.05 
0.37 0.05 
0.36 0.05 
0.28 0.04 


0.61 0.05 
0.61 0.05 
0.56 0.04 
0.58 0.05 
0.55 0.04 
0.53 0.04 
0.57 0.05 
0.64 0.05 
0.55 0.04 
0.57 0.04 
0.54 0.04 
0.58 0.05 
0.58 0.05 
0.54 0.04 
0.51 0.04 
0.51 0.04 
0.45 0.04 


0.00 81.01 0.23 8.80 0.09 2.01 0.06 3.62 0.09 1.18 0.05 2.56 0.14 0.33 0.05 0.48 0.04 

0.21 80.93 0.23 8.72 0.09 2.04 0.06 3.73 0.09 1.24 0.05 2.56 0.14 0.34 0.05 0.46 0.04 

0.42 80.84 0.23 8.63 0.09 2.04 0.06 3.73 0.09 1.30 0.05 2.67 0.14 0.35 0.05 0.45 0.04 


72 

73 

74 

75 

76 

77 

78 

79 


82 

83 

84 

85 

86 
87 


91 

92 


95 

96 

97 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 


0.63 80.77 0.23 8.77 0.09 

0.84 80.41 0.23 8.83 0.09 

1.06 80.45 0.23 8.76 0.09 

1.27 80.56 0.23 8.81 0.09 

1.48 80.29 0.23 8.83 0.09 

1.69 80.31 0.23 8.90 0.09 

1.90 80.10 0.23 9.00 0.09 

2.11 80.06 0.23 8.96 0.09 

2.32 80.02 0.23 8.97 0.09 

2.54 79.76 0.22 9.11 0.10 

2.75 79.94 0.22 9.06 0.09 

2.96 79.66 0.22 9.11 0.10 

3.17 79.64 0.22 9.21 0.10 

3.38 79.46 0.22 9.21 0.10 

3.59 79.25 0.22 9.32 0.10 

3.80 79.27 0.22 9.26 0.10 

4.02 79.26 0.22 9.32 0.10 

4.23 79.24 0.22 9.35 0.10 

4.44 79.06 0.22 9.42 0.10 

4.65 78.78 0.22 9.57 0.10 

4.86 78.97 0.22 9.45 0.10 

5.07 78.86 0.22 9.51 0.10 

5.28 78.84 0.22 9.51 0.10 

5.49 78.82 0.22 9.68 0.10 

5.70 78.65 0.22 9.71 0.10 

5.92 78.53 0.22 9.81 0.10 

6.13 78.42 0.22 9.84 0.10 

6.34 78.32 0.22 9.85 0.10 

6.55 78.27 0.22 9.90 0.10 

6.76 78.24 0.22 9.89 0.10 

6.97 78.19 0.22 9.90 0.10 

7.18 78.22 0.22 9.83 0.10 

7.39 78.05 0.22 9.90 0.10 

7.61 78.00 0.22 9.98 0.10 

7.82 77.93 0.22 9.95 0.10 

8.03 77.92 0.22 10.14 0.11 

8.24 77.94 0.22 10.11 0.11 

8.45 77.79 0.22 10.19 0.11 

8.66 77.79 0.22 10.24 0.11 

8.87 77.95 0.22 10.28 0.11 

9.09 77.79 0.22 10.25 0.11 


2.08 0.06 
2.18 0.06 
2.18 0.06 
2.10 0.06 
2.18 0.06 
2.12 0.06 
2.18 0.06 
2.19 0.06 
2.23 0.06 
2.26 0.06 
2.26 0.06 
2.38 0.07 
2.38 0.07 

2.34 0.07 

2.35 0.07 
2.40 0.07 
2.35 0.07 

2.45 0.07 
2.43 0.07 
2.48 0.07 
2.47 0.07 

2.46 0.07 
2.45 0.07 
2.43 0.07 
2.50 0.07 
2.55 0.07 

2.47 0.07 
2.52 0.07 
2.58 0.07 
2.61 0.07 
2.61 0.07 
2.57 0.07 

2.61 0.07 
2.67 0.08 

2.64 0.08 

2.65 0.08 

2.62 0.08 
2.73 0.08 

2.66 0.08 
2.70 0.08 
2.63 0.08 


3.64 0.09 
3.63 0.09 
3.69 0.09 
3.69 0.09 

3.74 0.09 

3.67 0.09 

3.68 0.09 

3.69 0.09 

3.75 0.09 

3.78 0.09 
3.69 0.09 

3.76 0.09 
3.71 0.09 

3.80 0.09 

3.79 0.09 
3.83 0.09 

3.77 0.09 

3.83 0.09 

3.81 0.09 

3.82 0.09 
3.85 0.09 

3.85 0.09 

3.84 0.09 
3.79 0.09 
3.84 0.09 

3.82 0.09 
3.87 0.10 

3.87 0.10 
3.91 0.10 
3.90 0.10 

3.88 0.10 

3.89 0.10 
4.05 0.10 
3.93 0.10 
3.93 0.10 

3.86 0.09 
3.93 0.10 
3.84 0.09 

3.87 0.10 

3.83 0.09 
3.93 0.10 


1.34 0.06 

1.40 0.06 
1.37 0.06 

1.41 0.06 
1.41 0.06 
1.49 0.06 
1.54 0.06 
1.49 0.06 
1.54 0.06 
1.54 0.07 
1.52 0.06 
1.57 0.07 
1.56 0.07 

1.63 0.07 
1.65 0.07 
1.59 0.07 
1.59 0.07 
1.65 0.07 
1.65 0.07 
1.61 0.07 

1.64 0.07 

1.68 0.07 

1.64 0.07 
1.61 0.07 

1.69 0.07 

1.67 0.07 

1.73 0.07 

1.74 0.07 

1.69 0.07 

1.70 0.07 

1.77 0.07 
1.72 0.07 
1.70 0.07 
1.76 0.07 

1.78 0.07 

1.69 0.07 

1.68 0.07 

1.70 0.07 

1.65 0.07 
1.67 0.07 
1.76 0.07 


2.57 0.14 
2.64 0.14 

2.67 0.14 
2.66 0.14 
2.73 0.15 
2.75 0.15 
2.64 0.14 

2.75 0.15 
2.71 0.15 

2.76 0.15 
2.62 0.14 
2.64 0.14 
2.60 0.14 

2.68 0.15 
2.83 0.15 

2.82 0.15 
2.78 0.15 
2.64 0.14 

2.77 0.15 

2.85 0.15 

2.78 0.15 

2.76 0.15 

2.86 0.15 
2.80 0.15 
2.73 0.15 
2.71 0.15 

2.77 0.15 

2.83 0.15 
2.73 0.15 
2.68 0.14 
2.75 0.15 
2.90 0.16 

2.79 0.15 
2.75 0.15 
2.85 0.15 
2.82 0.15 
2.75 0.15 

2.87 0.16 
2.95 0.16 
2.71 0.15 
2.77 0.15 


0.38 0.06 
0.40 0.06 
0.37 0.05 
0.30 0.04 
0.35 0.05 
0.32 0.05 
0.36 0.05 
0.38 0.05 
0.32 0.05 
0.34 0.05 
0.36 0.05 
0.35 0.05 
0.39 0.06 
0.35 0.05 
0.34 0.05 
0.36 0.05 
0.38 0.06 
0.32 0.05 
0.37 0.05 
0.37 0.05 
0.35 0.05 
0.39 0.06 
0.36 0.05 
0.34 0.05 
0.39 0.06 
0.38 0.05 
0.39 0.06 
0.39 0.06 
0.39 0.06 
0.46 0.07 
0.42 0.06 
0.38 0.05 
0.41 0.06 
0.40 0.06 
0.40 0.06 
0.39 0.06 
0.45 0.07 
0.40 0.06 
0.38 0.05 
0.32 0.05 
0.34 0.05 


0.45 0.04 
0.50 0.04 
0.50 0.04 
0.47 0.04 
0.47 0.04 
0.46 0.04 
0.50 0.04 
0.48 0.04 
0.44 0.03 
0.46 0.04 
0.53 0.04 
0.53 0.04 
0.50 0.04 
0.52 0.04 
0.48 0.04 
0.47 0.04 
0.54 0.04 
0.52 0.04 
0.50 0.04 
0.52 0.04 
0.49 0.04 
0.49 0.04 
0.50 0.04 
0.52 0.04 
0.49 0.04 
0.54 0.04 
0.51 0.04 
0.49 0.04 
0.53 0.04 
0.53 0.04 
0.49 0.04 
0.49 0.04 
0.49 0.04 
0.51 0.04 
0.52 0.04 
0.53 0.04 
0.51 0.04 
0.47 0.04 
0.46 0.04 
0.54 0.04 
0.54 0.04 
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530 


113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 


9.30 77.88 0.22 
9.51 77.47 0.22 
9.72 77.61 0.22 

9.93 77.44 0.22 
10.14 77.39 0.22 
10.35 77.31 0.22 
10.56 77.40 0.22 

10.78 77.25 0.22 
10.99 77.16 0.22 

11.20 77.10 0.22 

11.41 77.10 0.22 

11.62 77.27 0.22 

11.83 77.10 0.22 
12.04 76.96 0.22 
12.25 77.19 0.22 
12.47 77.03 0.22 
12.68 77.11 0.22 

12.89 77.06 0.22 
13.10 77.07 0.22 
13.31 76.87 0.22 
13.52 76.80 0.22 
13.73 76.59 0.22 
13.95 76.76 0.22 
14.16 76.57 0.22 
14.37 76.77 0.22 
14.58 76.72 0.22 

14.79 76.50 0.22 
15.00 76.41 0.21 

15.21 76.48 0.22 

15.42 76.56 0.22 

15.63 76.68 0.22 
15.85 76.69 0.22 
16.06 76.49 0.22 
16.27 76.64 0.22 


10.16 0.11 
10.27 0.11 
10.32 0.11 
10.34 0.11 
10.39 0.11 
10.26 0.11 
10.42 0.11 
10.46 0.11 
10.42 0.11 
10.49 0.11 
10.56 0.11 

10.56 0.11 
10.62 0.11 
10.69 0.11 
10.59 0.11 

10.57 0.11 
10.62 0.11 
10.71 0.11 
10.67 0.11 

10.77 0.11 
10.92 0.11 
10.91 0.11 
10.75 0.11 
10.96 0.11 

10.78 0.11 

10.79 0.11 
10.86 0.11 
10.98 0.12 
11.02 0.12 
10.90 0.11 
10.78 0.11 
10.89 0.11 
10.95 0.11 
11.06 0.12 


2.58 0.07 
2.68 0.08 

2.70 0.08 

2.71 0.08 
2.69 0.08 

2.72 0.08 

2.71 0.08 

2.74 0.08 

2.73 0.08 

2.72 0.08 
2.71 0.08 
2.69 0.08 
2.76 0.08 

2.78 0.08 

2.73 0.08 
2.86 0.08 
2.81 0.08 

2.79 0.08 

2.75 0.08 
2.79 0.08 

2.85 0.08 

2.86 0.08 
2.79 0.08 
2.79 0.08 
2.81 0.08 

2.93 0.08 
2.97 0.09 
2.82 0.08 
2.83 0.08 
2.85 0.08 
2.85 0.08 

2.94 0.08 
2.99 0.09 
2.90 0.08 


4.00 0.10 
3.93 0.10 
4.01 0.10 
4.03 0.10 
4.01 0.10 
4.09 0.10 

4.12 0.10 

4.13 0.10 
4.06 0.10 
4.03 0.10 
4.02 0.10 
4.05 0.10 
4.01 0.10 
4.01 0.10 
4.04 0.10 
4.05 0.10 
4.04 0.10 
4.09 0.10 
4.06 0.10 
4.07 0.10 
4.05 0.10 
4.05 0.10 
4.16 0.10 

4.11 0.10 

4.12 0.10 
4.07 0.10 
4.05 0.10 
4.08 0.10 

4.13 0.10 
4.21 0.10 
4.09 0.10 
4.10 0.10 
4.07 0.10 
4.05 0.10 


1.77 0.07 
1.77 0.07 

1.72 0.07 
1.75 0.07 

1.73 0.07 
1.80 0.08 

1.74 0.07 
1.79 0.08 
1.88 0.08 
1.89 0.08 
1.79 0.08 
1.85 0.08 
1.82 0.08 

1.83 0.08 

1.75 0.07 
1.77 0.07 
1.77 0.07 
1.77 0.07 
1.74 0.07 

1.89 0.08 

1.85 0.08 

1.86 0.08 
1.85 0.08 
1.87 0.08 

1.77 0.07 

1.78 0.08 
1.77 0.07 
1.92 0.08 
1.87 0.08 

1.90 0.08 

1.84 0.08 
1.82 0.08 

1.85 0.08 
1.83 0.08 


2.76 0.15 
2.89 0.16 

2.77 0.15 

2.85 0.15 
2.89 0.16 
2.93 0.16 

2.67 0.14 

2.80 0.15 
2.89 0.16 

2.83 0.15 

2.89 0.16 
2.71 0.15 

2.81 0.15 

2.84 0.15 

2.82 0.15 
2.82 0.15 

2.78 0.15 
2.73 0.15 

2.86 0.15 

2.68 0.15 
2.65 0.14 
2.82 0.15 

2.79 0.15 
2.79 0.15 

2.90 0.16 
2.79 0.15 

2.87 0.16 

2.88 0.16 
2.81 0.15 
2.79 0.15 
2.89 0.16 
2.73 0.15 
2.76 0.15 
2.64 0.14 


0.33 0.05 
0.42 0.06 
0.37 0.05 
0.37 0.05 
0.37 0.05 
0.38 0.05 
0.39 0.06 
0.34 0.05 
0.37 0.05 
0.43 0.06 
0.41 0.06 
0.39 0.06 
0.36 0.05 
0.36 0.05 
0.40 0.06 
0.42 0.06 
0.37 0.05 
0.37 0.05 
0.35 0.05 
0.39 0.06 
0.34 0.05 
0.37 0.05 
0.34 0.05 
0.41 0.06 
0.35 0.05 
0.42 0.06 
0.46 0.07 
0.42 0.06 
0.34 0.05 
0.35 0.05 
0.37 0.05 
0.36 0.05 
0.37 0.05 
0.40 0.06 


0.52 0.04 
0.56 0.04 
0.48 0.04 
0.51 0.04 
0.53 0.04 
0.51 0.04 
0.54 0.04 
0.50 0.04 
0.50 0.04 
0.51 0.04 
0.52 0.04 
0.48 0.04 
0.52 0.04 
0.54 0.04 
0.48 0.04 
0.48 0.04 
0.51 0.04 
0.49 0.04 
0.50 0.04 
0.53 0.04 
0.56 0.04 
0.54 0.04 
0.55 0.04 
0.50 0.04 
0.51 0.04 
0.49 0.04 
0.53 0.04 
0.50 0.04 
0.51 0.04 
0.45 0.04 
0.49 0.04 
0.46 0.04 
0.52 0.04 
0.48 0.04 
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Agglomerate FLD23.1.3 


Table J.15: Major element compositions (as wt.% oxides) from a line traverse across the interface of sur¬ 
face agglomerate FLD23.1.3 (from agglomerate FLD23.1.3 to host FLD23) extracted from quantified EDS 
compositional maps. The EDS compositional maps were collected at a resolution of 4.7 pixels//iin. The 
smoothing width for this traverse was 100 pixels (21.1 /im) wide. This is an Si interface and has been 
centered at x = 0 based on the SiC>2 maximum. Peak points within 2er of the SiC>2 maximum are BPBMMjlB 
in yellcm|. Uncertainties are 2SEOM. 


Position 

Pt. (/im) Si0 2 

1 -13.31 74.02 

2 -13.10 74.07 

3 -12.89 74.08 

4 -12.68 74.21 

5 -12.47 74.03 

6 -12.25 74.16 

7 -12.04 74.37 

8 -11.83 74.47 

9 -11.62 74.53 

10 -11.41 74.15 

11 -11.20 74.22 

12 -10.99 74.18 

13 -10.78 74.23 

14 -10.56 74.16 

15 -10.35 74.29 

16 -10.14 74.30 

17 -9.93 74.34 

18 -9.72 74.35 

19 -9.51 74.33 

20 -9.30 74.50 

21 -9.09 74.38 

22 -8.87 74.63 

23 -8.66 74.72 

24 -8.45 74.49 

25 -8.24 74.43 

26 -8.03 74.51 

27 -7.82 74.50 

28 -7.61 74.16 

29 -7.39 74.19 

30 -7.18 73.95 

31 -6.97 73.89 

32 -6.76 74.05 

33 -6.55 73.80 

34 -6.34 73.71 

35 -6.13 73.79 

36 -5.92 73.60 

37 -5.71 73.24 

38 -5.49 73.32 

39 -5.28 73.40 

40 -5.07 73.44 

41 -4.86 73.32 

42 -4.65 73.43 

43 -4.44 73.24 

44 -4.23 73.07 

45 -4.02 73.35 

46 -3.80 73.28 

47 -3.59 73.41 

48 -3.38 73.54 

49 -3.17 73.78 

50 -2.96 74.01 


2 a 
“023" 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 

0.23 


AI2O3 

12.89 
12.94 

12.93 

12.94 
12.88 
12.86 
12.99 
12.84 
12.82 
12.86 
12.67 
12.78 
12.91 
12.98 

12.95 

12.96 
12.80 
12.76 
12.78 
12.78 
12.78 
12.86 
12.75 
12.86 
12.80 
12.87 
12.96 
13.10 
13.05 
13.18 
13.18 
13.18 
13.24 
13.30 
13.34 
13.42 
13.49 
13.42 

13.54 
13.51 

13.51 

13.52 
13.49 

13.55 

13.53 
13.45 
13.22 
13.17 
12.95 

12.90 


2a 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.15 

0.14 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.15 

0.14 

0.14 


Na 2 Q 

3.03 


3.13 

3.14 
3.04 
2.98 

2.90 
2.98 
3.03 

2.94 
3.00 
2.92 

2.95 

2.91 
2.81 
2.87 
2.81 
2.87 
2.79 
2.79 
2.83 


2.86 

2.83 

2.77 
2.74 

2.74 

2.85 

2.86 

2.84 
2.86 
2.80 

2.84 
2.81 

2.85 
2.97 
2.87 
2.91 

2.89 

2.90 

2.91 

2.90 
2.97 
2.89 
2.84 

2.91 

2.78 

2.75 


2 a 

W 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.09 

0.10 

0.10 

0.09 

0.10 


0.10 


0.10 

0.09 

0.09 

0.09 

0.09 

0.09 


K 2 Q 2 a 
4.18 0.11 

4.12 0.11 

4.17 0.11 
4.01 0.11 

4.10 0.11 

4.13 0.11 
4.06 0.11 
4.20 0.11 
4.07 0.11 
4.13 0.11 

4.18 0.11 

4.16 0.11 

4.13 0.11 

4.14 0.11 
4.06 0.11 
4.06 0.11 
4.08 0.11 
4.13 0.11 
4.18 0.11 
4.07 0.11 

4.11 0.11 

4.17 0.11 

4.17 0.11 

4.18 0.11 

4.12 0.11 

4.19 0.11 

4.18 0.11 

4.20 0.11 
4.09 0.11 
4.16 0.11 
4.09 0.11 

4.12 0.11 
4.09 0.11 
4.25 0.12 

4.13 0.11 
4.13 0.11 

4.15 0.11 

4.19 0.11 
4.23 0.12 

4.21 0.11 
4.15 0.11 
4.18 0.11 

4.20 0.11 
4.27 0.12 
4.13 0.11 
4.18 0.11 
4.29 0.12 

4.20 0.11 
4.27 0.12 

4.21 0.11 


CaO 2 a 


1.83 0.08 
1.82 0.08 
1.80 0.08 

1.92 0.09 

1.89 0.09 
1.80 0.08 
1.80 0.08 
1.88 0.09 
1.91 0.09 
2.01 0.09 
1.91 0.09 

1.93 0.09 
1.93 0.09 
1.91 0.09 

1.83 0.08 

1.84 0.09 
1.84 0.09 
1.77 0.08 
1.76 0.08 
1.84 0.09 
1.79 0.08 
1.79 0.08 

1.84 0.09 

1.91 0.09 

1.90 0.09 

1.85 0.09 

1.88 0.09 

1.92 0.09 

1.89 0.09 

1.93 0.09 

1.91 0.09 

1.94 0.09 
2.00 0.09 
1.97 0.09 
1.99 0.09 
2.07 0.10 
2.06 0.10 
2.10 0.10 

1.95 0.09 
2.05 0.10 
2.01 0.09 
2.15 0.10 
2.14 0.10 
2.09 0.10 
2.17 0.10 
2.09 0.10 
2.05 0.10 
2.02 0.09 
2.02 0.09 


FeO 2 a Ti0 2 

2.98 0.18 046" 

2.88 0.17 0.45 

2.84 0.17 0.45 

2.92 0.18 0.40 

2.93 0.18 0.39 

2.94 0.18 0.42 

2.79 0.17 0.43 

2.92 0.18 0.33 

2.80 0.17 0.35 

2.89 0.17 0.41 

2.98 0.18 0.40 

2.93 0.18 0.44 

2.86 0.17 0.40 

2.82 0.17 0.37 

2.89 0.17 0.42 

3.07 0.18 0.40 

3.05 0.18 0.42 

3.10 0.19 0.42 

3.02 0.18 0.46 

3.04 0.18 0.46 

3.03 0.18 0.45 

2.75 0.17 0.39 

2.77 0.17 0.36 

2.78 0.17 0.42 

2.90 0.17 0.42 

2.75 0.17 0.39 

2.82 0.17 0.34 

2.86 0.17 0.43 

3.01 0.18 0.40 

2.94 0.18 0.44 

3.04 0.18 0.41 

2.84 0.17 0.45 

2.89 0.17 0.53 

2.93 0.18 0.41 

2.87 0.17 0.47 

3.03 0.18 0.41 

3.15 0.19 0.41 

2.92 0.18 0.51 

2.79 0.17 0.47 

2.99 0.18 0.44 

3.08 0.19 0.42 

2.92 0.18 0.42 

2.95 0.18 0.47 

3.02 0.18 0.49 

2.97 0.18 0.41 

2.95 0.18 0.48 

3.06 0.18 0.49 

3.06 0.18 0.45 

3.13 0.19 0.47 

3.09 0.19 0.43 


2a- 

“007" 

0.07 

0.07 


0.06 

0.07 

0.05 

0.05 

0.06 

0.06 

0.07 

0.06 

0.06 

0.06 

0.06 

0.07 

0.07 

0.07 

0.07 

0.07 

0.06 

0.06 

0.06 


0.05 

0.07 

0.06 

0.07 

0.06 

0.07 

0.08 

0.06 

0.07 


0.07 

0.07 

0.06 

0.07 

0.07 


0.06 

0.07 

0.08 

0.07 

0.07 

0.07 


MgO 2 ct 
0.57 0.05 
0.61 0.05 
0.60 0.05 
0.59 0.05 
0.62 0.05 
0.57 0.05 
0.58 0.05 
0.55 0.05 
0.57 0.05 
0.62 0.05 
0.61 0.05 
0.59 0.05 
0.63 0.05 
0.65 0.05 
0.58 0.05 
0.57 0.05 
0.59 0.05 
0.59 0.05 
0.59 0.05 
0.60 0.05 
0.62 0.05 
0.59 0.05 
0.57 0.05 
0.57 0.05 
0.56 0.05 
0.57 0.05 
0.58 0.05 
0.62 0.05 
0.60 0.05 
0.60 0.05 
0.61 0.05 
0.61 0.05 
0.65 0.05 
0.60 0.05 
0.60 0.05 
0.62 0.05 
0.64 0.05 
0.60 0.05 
0.60 0.05 
0.55 0.05 
0.58 0.05 
0.61 0.05 
0.59 0.05 
0.56 0.05 
0.55 0.05 
0.61 0.05 
0.59 0.05 
0.61 0.05 
0.60 0.05 
0.60 0.05 
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532 


51 

52 

53 

54 

55 

56 

57 

58 

59 


62 

63 


-2.75 74.19 0.23 
-2.54 74.71 0.23 
-2.32 74.98 0.23 
-2.11 75.82 0.24 

-1.90 76.25 0.24 
-1.69 76.98 0.24 
-1.48 77.62 0.24 
-1.27 78.09 0.24 
-1.06 79.02 0.25 
-0.85 79.66 0.25 
-0.63 80.27 0.25 
-0.42 80.45 0.25 
-0.21 80.69 0.25 


12.78 0.14 
12.80 0.14 
12.58 0.14 
12.06 0.13 

11.79 0.13 
11.46 0.13 
11.07 0.12 
10.63 0.12 
10.27 0.11 

9.86 0.11 
9.41 0.10 
9.12 0.10 
9.05 0.10 


2.76 0.09 
2.70 0.09 
2.69 0.09 
2.56 0.08 
2.53 0.08 
2.48 0.08 
2.40 0.08 
2.29 0.07 
2.20 0.07 
2.09 0.07 
2.04 0.07 
2.03 0.07 
2.00 0.06 


4.11 0.11 
3.97 0.11 
3.99 0.11 
4.03 0.11 
3.99 0.11 
3.93 0.11 
3.92 0.11 
4.00 0.11 
3.86 0.11 
3.79 0.10 
3.91 0.11 
3.95 0.11 
3.72 0.10 


2.06 0.10 
1.91 0.09 
1.87 0.09 
1.75 0.08 
1.71 0.08 
1.54 0.07 
1.44 0.07 
1.41 0.07 
1.23 0.06 
1.09 0.05 
1.06 0.05 
1.08 0.05 
1.12 0.05 


3.10 0.19 
2.86 0.17 
2.88 0.17 
2.79 0.17 
2.78 0.17 

2.65 0.16 
2.71 0.16 
2.67 0.16 
2.48 0.15 

2.66 0.16 
2.48 0.15 
2.57 0.15 
2.63 0.16 


0.37 0.06 
0.42 0.06 
0.40 0.06 
0.41 0.06 
0.39 0.06 
0.43 0.07 
0.30 0.05 
0.37 0.06 
0.41 0.06 
0.39 0.06 
0.36 0.06 
0.33 0.05 
0.35 0.05 


0.63 0.05 
0.63 0.05 
0.62 0.05 
0.57 0.05 
0.56 0.05 
0.52 0.04 
0.55 0.05 
0.54 0.04 
0.53 0.04 
0.45 0.04 
0.46 0.04 
0.48 0.04 
0.44 0.04 


65 

66 

67 

68 


u.uu su.yo u.^o 
0.21 80.90 0.25 
0.42 80.92 0.25 
0.63 80.63 0.25 
0.85 80.79 0.25 


y.uu u.iu 
8.97 0.10 

8.97 0.10 

8.98 0.10 
8.94 0.10 


i.y^ u.uo 
1.95 0.06 
1.90 0.06 
1.97 0.06 
2.01 0.06 


d.OO U.IU 

3.66 0.10 
3.69 0.10 
3.62 0.10 
3.65 0.10 


i.uy u.uo 
1.16 0.05 
1.15 0.05 
1.20 0.06 
1.23 0.06 


2.57 0.15 
2.50 0.15 
2.73 0.16 
2.53 0.15 


U .0/ u.uo 
0.34 0.05 
0.37 0.06 
0.38 0.06 
0.39 0.06 


0.44 0.04 
0.49 0.04 
0.48 0.04 
0.45 0.04 


70 

71 

72 

73 

74 

75 

76 

77 

78 

79 


82 

83 

84 

85 

86 
87 


91 

92 


95 

96 

97 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 


1.06 80.49 0.25 

1.27 80.47 0.25 

1.48 80.30 0.25 

1.69 80.25 0.25 

1.90 80.08 0.25 
2.11 79.81 0.25 

2.32 79.79 0.25 

2.54 79.79 0.25 

2.75 79.47 0.25 

2.96 79.40 0.25 

3.17 79.31 0.25 

3.38 79.29 0.25 

3.59 79.23 0.25 
3.80 79.01 0.25 
4.01 79.12 0.25 

4.23 78.93 0.25 

4.44 78.72 0.25 

4.65 78.77 0.25 

4.86 78.74 0.25 
5.07 78.75 0.25 

5.28 78.50 0.25 

5.49 78.50 0.25 

5.70 78.34 0.24 

5.92 78.41 0.24 
6.13 78.17 0.24 
6.34 78.14 0.24 

6.55 78.15 0.24 

6.76 78.23 0.24 

6.97 78.42 0.24 

7.18 78.20 0.24 

7.39 78.15 0.24 

7.61 77.94 0.24 

7.82 77.84 0.24 
8.03 77.85 0.24 

8.24 77.88 0.24 

8.45 77.78 0.24 

8.66 77.80 0.24 

8.87 77.79 0.24 

9.09 77.45 0.24 
9.30 77.40 0.24 
9.51 77.61 0.24 

9.72 77.88 0.24 

9.93 77.61 0.24 
10.14 77.55 0.24 


9.04 0.10 
9.10 0.10 
9.12 0.10 
9.05 0.10 
9.16 0.10 
9.31 0.10 
9.43 0.10 

9.42 0.10 

9.43 0.10 

9.44 0.10 
9.52 0.11 
9.55 0.11 
9.61 0.11 
9.60 0.11 
9.72 0.11 
9.82 0.11 
9.75 0.11 
9.91 0.11 

10.00 0.11 
9.88 0.11 
10.02 0.11 
9.88 0.11 
10.02 0.11 
10.03 0.11 
10.03 0.11 
10.09 0.11 
10.12 0.11 
10.19 0.11 
10.11 0.11 
10.28 0.11 
10.30 0.11 

10.46 0.12 
10.36 0.11 
10.30 0.11 
10.28 0.11 
10.34 0.11 
10.41 0.12 

10.44 0.12 
10.53 0.12 

10.45 0.12 
10.48 0.12 

10.47 0.12 
10.53 0.12 
10.56 0.12 


2.00 0.06 
1.98 0.06 
2.04 0.07 
2.11 0.07 
2.09 0.07 
2.17 0.07 
2.11 0.07 
2.02 0.06 
2.13 0.07 
2.16 0.07 
2.22 0.07 
2.28 0.07 
2.25 0.07 

2.28 0.07 

2.29 0.07 
2.25 0.07 
2.31 0.07 
2.36 0.08 
2.31 0.07 
2.27 0.07 
2.38 0.08 
2.36 0.08 

2.46 0.08 
2.44 0.08 
2.48 0.08 
2.54 0.08 
2.48 0.08 

2.44 0.08 
2.40 0.08 
2.51 0.08 
2.56 0.08 
2.51 0.08 
2.54 0.08 

2.45 0.08 

2.47 0.08 
2.51 0.08 

2.58 0.08 

2.59 0.08 
2.61 0.08 
2.61 0.08 
2.63 0.08 

2.60 0.08 
2.61 0.08 
2.63 0.08 


3.76 0.10 

3.80 0.10 

3.81 0.10 
3.75 0.10 
3.69 0.10 

3.82 0.10 

3.77 0.10 

3.83 0.10 
3.72 0.10 

3.80 0.10 

3.84 0.10 

3.81 0.10 

3.83 0.10 

3.87 0.11 

3.84 0.10 

3.82 0.10 

3.88 0.11 
3.81 0.10 
3.80 0.10 

3.89 0.11 

3.86 0.11 
4.04 0.11 
4.02 0.11 

3.91 0.11 
3.99 0.11 
3.99 0.11 
3.98 0.11 
4.00 0.11 

3.93 0.11 
3.88 0.11 

3.87 0.11 

3.94 0.11 
4.00 0.11 
4.03 0.11 
4.00 0.11 
4.05 0.11 

3.90 0.11 

3.85 0.11 

3.95 0.11 
4.14 0.11 
4.02 0.11 
3.95 0.11 

3.92 0.11 
4.01 0.11 


1.27 0.06 

1.28 0.06 
1.33 0.06 
1.37 0.06 
1.32 0.06 
1.35 0.06 

1.40 0.06 
1.32 0.06 
1.43 0.07 

1.41 0.07 
1.54 0.07 
1.46 0.07 
1.48 0.07 
1.58 0.07 

1.52 0.07 

1.56 0.07 

1.62 0.07 
1.61 0.07 
1.58 0.07 

1.63 0.08 

1.61 0.07 
1.54 0.07 
1.58 0.07 

1.57 0.07 

1.62 0.08 
1.67 0.08 
1.67 0.08 
1.60 0.07 
1.60 0.07 

1.53 0.07 

1.60 0.07 

1.61 0.07 

1.62 0.08 
1.66 0.08 
1.73 0.08 

1.73 0.08 
1.70 0.08 
1.69 0.08 

1.75 0.08 

1.76 0.08 

1.74 0.08 

1.65 0.08 

1.66 0.08 
1.73 0.08 


2.62 0.16 
2.49 0.15 
2.58 0.16 
2.60 0.16 
2.78 0.17 
2.66 0.16 
2.63 0.16 

2.74 0.16 
2.89 0.17 
2.84 0.17 
2.66 0.16 

2.72 0.16 
2.69 0.16 
2.77 0.17 
2.61 0.16 
2.71 0.16 
2.84 0.17 

2.69 0.16 
2.68 0.16 
2.76 0.17 

2.70 0.16 
2.82 0.17 

2.71 0.16 

2.73 0.16 

2.75 0.17 

2.72 0.16 

2.76 0.17 
2.63 0.16 
2.69 0.16 
2.69 0.16 

2.65 0.16 

2.66 0.16 

2.74 0.16 
2.80 0.17 

2.77 0.17 

2.73 0.16 
2.73 0.16 

2.76 0.17 

2.77 0.17 
2.69 0.16 
2.67 0.16 
2.61 0.16 
2.76 0.17 
2.71 0.16 


0.34 0.05 
0.36 0.06 
0.32 0.05 
0.33 0.05 
0.36 0.06 
0.38 0.06 
0.37 0.06 
0.42 0.07 
0.39 0.06 
0.47 0.07 
0.40 0.06 
0.35 0.05 
0.40 0.06 
0.38 0.06 
0.36 0.06 
0.38 0.06 
0.40 0.06 
0.36 0.06 
0.34 0.05 
0.30 0.05 
0.37 0.06 
0.39 0.06 
0.38 0.06 
0.38 0.06 
0.39 0.06 
0.34 0.05 
0.32 0.05 
0.37 0.06 
0.36 0.06 
0.40 0.06 
0.37 0.06 
0.41 0.06 
0.38 0.06 
0.41 0.06 
0.41 0.06 
0.40 0.06 
0.40 0.06 
0.39 0.06 
0.42 0.07 
0.42 0.07 
0.36 0.06 
0.36 0.06 
0.41 0.06 
0.33 0.05 


0.48 0.04 
0.51 0.04 
0.49 0.04 
0.54 0.04 
0.51 0.04 
0.49 0.04 
0.50 0.04 
0.46 0.04 
0.53 0.04 
0.49 0.04 
0.50 0.04 
0.54 0.04 
0.51 0.04 
0.49 0.04 
0.54 0.05 
0.52 0.04 
0.49 0.04 
0.48 0.04 
0.54 0.05 
0.52 0.04 
0.55 0.05 
0.48 0.04 
0.49 0.04 
0.53 0.04 
0.56 0.05 
0.51 0.04 
0.52 0.04 
0.54 0.04 
0.48 0.04 
0.52 0.04 
0.49 0.04 
0.48 0.04 
0.52 0.04 
0.51 0.04 
0.45 0.04 
0.46 0.04 
0.48 0.04 
0.49 0.04 
0.52 0.04 
0.53 0.04 
0.48 0.04 
0.48 0.04 
0.51 0.04 
0.48 0.04 
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113 10.35 77.39 0.24 10.66 0.12 2.63 0.08 

G EDS MAPS 

4.01 0.11 1.74 0.08 

2.63 

0.16 0.41 

0.06 

0.52 
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0.04 

114 

10.56 77.53 0.24 

10.51 0.12 

2.56 

0.08 

4.04 

0.11 

1.67 

0.08 

2.71 

0.16 0.44 

0.07 

0.54 

0.04 

115 

10.77 77.50 0.24 

10.65 0.12 

2.68 

0.09 

3.99 

0.11 

1.71 

0.08 

2.64 

0.16 0.35 

0.05 

0.48 

0.04 

116 

10.99 77.13 0.24 

10.61 0.12 

2.63 

0.08 

4.11 

0.11 

1.77 

0.08 

2.86 

0.17 0.44 

0.07 

0.45 

0.04 

117 

11.20 77.11 0.24 

10.76 0.12 

2.68 

0.09 

4.09 

0.11 

1.73 

0.08 

2.76 

0.17 0.38 

0.06 

0.50 

0.04 

118 

11.41 77.11 0.24 

10.73 0.12 

2.69 

0.09 

4.06 

0.11 

1.77 

0.08 

2.77 

0.17 0.36 

0.06 

0.52 

0.04 

119 

11.62 77.21 0.24 

10.56 0.12 

2.74 

0.09 

4.08 

0.11 

1.72 

0.08 

2.73 

0.16 0.44 

0.07 

0.52 

0.04 

120 

11.83 77.06 0.24 

10.59 0.12 

2.77 

0.09 

4.09 

0.11 

1.75 

0.08 

2.82 

0.17 0.44 

0.07 

0.48 

0.04 

121 

12.04 76.89 0.24 

10.80 0.12 

2.76 

0.09 

4.18 

0.11 

1.76 

0.08 

2.76 

0.17 0.35 

0.05 

0.51 

0.04 

122 

12.25 76.87 0.24 

10.84 0.12 

2.69 

0.09 

4.08 

0.11 

1.81 

0.08 

2.82 

0.17 0.33 

0.05 

0.55 

0.05 

123 

12.46 76.97 0.24 

10.89 0.12 

2.69 

0.09 

3.99 

0.11 

1.69 

0.08 

2.88 

0.17 0.33 

0.05 

0.55 

0.05 

124 

12.68 76.73 0.24 

10.84 0.12 

2.78 

0.09 

4.17 

0.11 

1.76 

0.08 

2.82 

0.17 0.40 

0.06 

0.50 

0.04 

125 

12.89 76.83 0.24 

10.88 0.12 

2.83 

0.09 

4.10 

0.11 

1.80 

0.08 

2.71 

0.16 0.37 

0.06 

0.49 

0.04 

126 

13.10 76.77 0.24 

10.97 0.12 

2.84 

0.09 

4.01 

0.11 

1.73 

0.08 

2.84 

0.17 0.31 

0.05 

0.52 

0.04 

127 

13.31 76.97 0.24 

10.87 0.12 

2.71 

0.09 

4.07 

0.11 

1.77 

0.08 

2.76 

0.17 0.40 

0.06 

0.45 

0.04 
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Agglomerate FLD23.2.1 


Table J.16: Major element compositions (as wt.% oxides) from a line traverse across the interface of sur¬ 
face agglomerate FLD23.2.1 (from agglomerate FLD23.2.1 to host FLD23) extracted from quantified EDS 
compositional maps. The EDS compositional maps were collected at a resolution of 7.4 pixels//tin. The 
smoothing width for this traverse was 100 pixels (13.5 fxm) wide. This is an Si interface and has been 
centered at x = 0 based on the SiC >2 maximum. Peak points within 2er of the SiC >2 maximum are BPBMMjBI 
in yellcm|. Uncertainties are 2SEOM. 


Position 


Pt. 

(H 

Si0 2 

2 a 

AI2O3 

2 a 

Na 2 0 

2 a 

k 2 o 

2 a 

CaO 

2 a 

FeO 

2 a 

Ti0 2 

2 a 

MgO 

2 a 

1 

-4.32 

73.16 

0.28 

13.52 

0.14 

3.00 

0.12 

3.95 

0.09 

2.27 

0.11 

3.02 

0.20 

0.46 

0.08 

0.63 

0.08 

2 

-4.19 

73.36 

0.28 

13.41 

0.14 

2.94 

0.12 

3.90 

0.09 

2.15 

0.11 

3.12 

0.21 

0.50 

0.09 

0.62 

0.08 

3 

-4.05 

73.74 

0.28 

13.50 

0.14 

2.94 

0.12 

3.85 

0.09 

2.21 

0.11 

2.76 

0.18 

0.43 

0.08 

0.57 

0.08 

4 

-3.92 

73.47 

0.28 

13.40 

0.14 

3.00 

0.12 

3.90 

0.09 

2.25 

0.11 

2.85 

0.19 

0.50 

0.09 

0.63 

0.08 

5 

-3.78 

73.41 

0.28 

13.38 

0.14 

3.07 

0.12 

3.87 

0.09 

2.16 

0.11 

3.01 

0.20 

0.46 

0.08 

0.64 

0.09 

6 

-3.65 

73.46 

0.28 

13.42 

0.14 

2.95 

0.12 

3.91 

0.09 

2.18 

0.11 

3.01 

0.20 

0.40 

0.07 

0.67 

0.09 

7 

-3.51 

73.83 

0.28 

13.22 

0.14 

2.83 

0.12 

3.96 

0.09 

2.15 

0.11 

3.00 

0.20 

0.42 

0.08 

0.57 

0.08 

8 

-3.38 

73.70 

0.28 

13.26 

0.14 

2.93 

0.12 

3.86 

0.09 

2.20 

0.11 

3.00 

0.20 

0.46 

0.08 

0.58 

0.08 

9 

-3.24 

73.39 

0.28 

13.31 

0.14 

3.00 

0.12 

3.85 

0.09 

2.15 

0.11 

3.09 

0.20 

0.60 

0.11 

0.60 

0.08 

10 

-3.11 

73.36 

0.28 

13.41 

0.14 

2.89 

0.12 

3.89 

0.09 

2.24 

0.11 

3.02 

0.20 

0.50 

0.09 

0.70 

0.09 

11 

-2.97 

73.57 

0.28 

13.23 

0.14 

2.90 

0.12 

3.81 

0.09 

2.18 

0.11 

3.15 

0.21 

0.56 

0.10 

0.59 

0.08 

12 

-2.84 

73.60 

0.28 

13.16 

0.14 

2.99 

0.12 

3.92 

0.09 

2.06 

0.10 

3.10 

0.21 

0.54 

0.10 

0.63 

0.08 

13 

-2.70 

73.77 

0.28 

13.25 

0.14 

2.98 

0.12 

3.84 

0.09 

2.14 

0.11 

2.89 

0.19 

0.54 

0.10 

0.59 

0.08 

14 

-2.57 

73.95 

0.28 

13.01 

0.13 

2.94 

0.12 

3.79 

0.09 

2.15 

0.11 

2.88 

0.19 

0.58 

0.11 

0.69 

0.09 

15 

-2.43 

74.01 

0.28 

13.00 

0.13 

2.95 

0.12 

3.96 

0.09 

2.18 

0.11 

2.76 

0.18 

0.50 

0.09 

0.63 

0.08 

16 

-2.30 

74.04 

0.28 

12.79 

0.13 

2.91 

0.12 

3.92 

0.09 

2.12 

0.11 

3.05 

0.20 

0.55 

0.10 

0.63 

0.08 

17 

-2.16 

74.09 

0.28 

12.99 

0.13 

2.83 

0.12 

3.96 

0.09 

2.22 

0.11 

2.80 

0.19 

0.49 

0.09 

0.62 

0.08 

18 

-2.03 

74.34 

0.28 

12.98 

0.13 

2.81 

0.11 

3.92 

0.09 

2.07 

0.10 

2.74 

0.18 

0.54 

0.10 

0.60 

0.08 

19 

-1.89 

74.36 

0.28 

12.89 

0.13 

2.92 

0.12 

3.90 

0.09 

2.03 

0.10 

2.76 

0.18 

0.55 

0.10 

0.59 

0.08 

20 

-1.76 

74.63 

0.28 

12.63 

0.13 

2.88 

0.12 

3.89 

0.09 

2.00 

0.10 

2.81 

0.19 

0.52 

0.10 

0.64 

0.09 

21 

-1.62 

75.13 

0.28 

12.53 

0.13 

2.77 

0.11 

3.77 

0.09 

1.96 

0.10 

2.81 

0.19 

0.41 

0.07 

0.61 

0.08 

22 

-1.49 

75.41 

0.28 

12.31 

0.13 

2.73 

0.11 

3.90 

0.09 

1.85 

0.09 

2.76 

0.18 

0.46 

0.08 

0.57 

0.08 

23 

-1.35 

75.28 

0.28 

12.22 

0.13 

2.78 

0.11 

3.77 

0.09 

1.97 

0.10 

2.90 

0.19 

0.50 

0.09 

0.58 

0.08 

24 

-1.22 

75.62 

0.29 

12.01 

0.12 

2.74 

0.11 

3.83 

0.09 

1.89 

0.09 

2.89 

0.19 

0.45 

0.08 

0.58 

0.08 

25 

-1.08 

76.02 

0.29 

11.85 

0.12 

2.59 

0.11 

3.75 

0.09 

1.84 

0.09 

2.92 

0.19 

0.45 

0.08 

0.56 

0.07 

26 

-0.95 

76.44 

0.29 

11.61 

0.12 

2.58 

0.11 

3.77 

0.09 

1.79 

0.09 

2.83 

0.19 

0.45 

0.08 

0.53 

0.07 

27 

-0.81 

76.80 

0.29 

11.38 

0.12 

2.58 

0.11 

3.62 

0.09 

1.83 

0.09 

2.88 

0.19 

0.35 

0.06 

0.55 

0.07 

28 

-0.67 

77.13 

0.29 

11.13 

0.12 

2.55 

0.10 

3.72 

0.09 

1.74 

0.09 

2.80 

0.19 

0.40 

0.07 

0.54 

0.07 

29 

-0.54 

77.40 

0.29 

11.07 

0.11 

2.42 

0.10 

3.75 

0.09 

1.70 
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3.96 

0.09 

2.25 

0.11 

2.75 

0.18 

0.46 

0.08 

0.60 

0.08 

121 

11.89 7 

t .87 

0.28 12. 

:2 0.1 

2.61 

0.11 

3.98 

0.09 

2.23 

0.11 

2.80 

0.19 

0.48 

0.09 

0.62 

0.08 

122 

12.03 7 

5.00 

0.28 12. 

32 0.1 

2.63 

0.11 

3.94 

0.09 

2.29 

0.11 

2.76 

0.18 

0.44 

0.08 

0.61 

0.08 

123 

12.16 7 

4.83 

0.28 12. 

40 0.1 

2.59 

0.11 

3.98 

0.09 

2.38 

0.12 

2.85 

0.19 

0.39 

0.07 

0.58 

0.08 

124 

12.30 7 

4.91 

0.28 12. 

38 0.1 

2.54 

0.10 

3.94 

0.09 

2.34 

0.12 

2.82 

0.19 

0.51 

0.09 

0.56 

0.08 

125 

12.43 7 

4.60 

0.28 12. 

-5 0.1 

2.65 

0.11 

4.01 

0.09 

2.33 

0.12 

2.78 

0.18 

0.57 

0.10 

0.62 

0.08 

126 

12.57 7 

4.60 

0.28 12. 

51 0.1 

2.62 

0.11 

4.03 

0.10 

2.33 

0.12 

2.87 

0.19 

0.46 

0.08 

0.59 

0.08 

127 

12.70 7 

4.76 

0.28 12. 

46 0.1 

2.63 

0.11 

3.97 

0.09 

2.17 

0.11 

2.99 

0.20 

0.44 

0.08 

0.57 

0.08 

128 

12.84 7 

4.63 

0.28 12. 

34 0.1 

2.72 

0.11 

3.92 

0.09 

2.28 

0.11 

3.01 

0.20 

0.47 

0.09 

0.62 

0.08 

129 

12.97 7 

4.62 

0.28 12. 

30 o . i ; 

3 2.65 

0.11 

3.93 

0.09 

2.41 

0.12 

2.97 

0.20 

0.48 

0.09 

0.65 

0.09 

130 

13.11 7 

4.72 

0.28 12. 

39 o . i ; 

3 2.62 

0.11 

3.88 

0.09 

2.34 

0.12 

2.92 

0.19 

0.53 

0.10 

0.60 

0.08 

131 

13.24 7 

4.57 

0.28 12. 

i o . i ; 

3 2.77 

0.11 

3.95 

0.09 

2.38 

0.12 

2.83 

0.19 

0.43 

0.08 

0.56 

0.07 

132 

13.38 7 

4.56 

0.28 12. 

4 o . i ; 

3 2.66 

0.11 

4.03 

0.10 

2.32 

0.12 

2.81 

0.19 

0.47 

0.09 

0.62 

0.08 

133 

13.51 7 

4.81 

0.28 12. 

6 o . i ; 

3 2.67 

0.11 

3.91 

0.09 

2.23 

0.11 

2.72 

0.18 

0.50 

0.09 

0.60 

0.08 

134 

13.65 7 

4.76 

0.28 12. 

4 o . i ; 

3 2.64 

0.11 

3.93 

0.09 

2.34 

0.12 

2.77 

0.18 

0.47 

0.09 

0.54 

0.07 

135 

13.78 7 

4.55 

0.28 12. 

4 o . i ; 

3 2.55 

0.10 

3.96 

0.09 

2.33 

0.12 

3.05 

0.20 

0.47 

0.09 

0.54 

0.07 

136 

13.92 7 

4.80 

0.28 12. 

3 o . i ; 

3 2.63 

0.11 

3.89 

0.09 

2.26 

0.11 

2.87 

0.19 

0.46 

0.08 

0.55 

0.07 
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Agglomerate FLD23.2.2 


Table J.17: Major element compositions (as wt.% oxides) from a line traverse across the interface of sur¬ 
face agglomerate FLD23.2.2 (from agglomerate FLD23.2.2 to host FLD23) extracted from quantified EDS 
compositional maps. The EDS compositional maps were collected at a resolution of 7.4 pixels//iin. The 
smoothing width for this traverse was 125 pixels (16.9 /im) wide. This is an Si interface and has been 
centered at x = 0 based on the SiC>2 maximum. Peak points within 2er of the SiC>2 maximum are BPSWllS 
in yellcm|. Uncertainties are 2SEOM. 


Position 

Pt. ( fj . ni ) Si02 2 a AI2O3 

1 -8.38 73.81 0.19 IT 50“ 

2 -8.24 73.67 0.19 13.47 

3 -8.11 73.63 0.19 13.46 

4 -7.97 74.06 0.19 13.47 

5 -7.84 73.95 0.19 13.41 

6 -7.70 73.98 0.19 13.42 

7 -7.57 73.83 0.19 13.42 

8 -7.43 74.02 0.19 13.44 

9 -7.30 74.04 0.19 13.60 

10 -7.16 73.89 0.19 13.47 

11 -7.03 73.85 0.19 13.49 

12 -6.89 73.92 0.19 13.50 

13 -6.76 73.99 0.19 13.49 

14 -6.62 74.10 0.19 13.56 

15 -6.49 74.02 0.19 13.53 

16 -6.35 74.19 0.19 13.41 

17 -6.22 74.15 0.19 13.38 

18 -6.08 73.96 0.19 13.48 

19 -5.95 74.02 0.19 13.55 

20 -5.81 74.08 0.19 13.52 

21 -5.68 74.17 0.19 13.32 

22 -5.54 74.14 0.19 13.37 

23 -5.41 74.01 0.19 13.36 

24 -5.27 74.13 0.19 13.38 

25 -5.13 74.22 0.19 13.26 

26 -5.00 74.15 0.19 13.39 

27 -4.86 74.15 0.19 13.38 

28 -4.73 74.12 0.19 13.32 

29 -4.59 74.25 0.19 13.23 

30 -4.46 74.27 0.19 13.27 

31 -4.32 74.50 0.20 13.29 

32 -4.19 74.24 0.19 13.31 

33 -4.05 74.27 0.19 13.19 

34 -3.92 74.47 0.20 13.22 

35 -3.78 74.35 0.19 13.19 

36 -3.65 74.43 0.20 13.24 

37 -3.51 74.34 0.19 13.11 

38 -3.38 74.61 0.20 13.09 

39 -3.24 74.65 0.20 13.15 

40 -3.11 74.77 0.20 13.11 

41 -2.97 74.77 0.20 12.96 

42 -2.84 74.94 0.20 12.88 

43 -2.70 75.08 0.20 12.80 

44 -2.57 75.15 0.20 12.64 

45 -2.43 75.22 0.20 12.55 

46 -2.30 75.13 0.20 12.48 

47 -2.16 75.45 0.20 12.43 

48 -2.03 75.93 0.20 12.30 

49 -1.89 75.86 0.20 12.25 

50 -1.76 75.93 0.20 12.21 


2a 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.13 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.11 

0.11 

0.11 

0.11 


Na 2 Q 

2.79 

2.80 
2.78 
2.72 
2.80 

2.75 
2.83 
2.82 

2.77 
2.80 

2.83 

2.78 
2.77 

2.77 
2.71 

2.71 
2.69 

2.72 

2.76 
2.68 
2.82 

2.78 
2.80 
2.75 

2.84 
2.78 
2.74 

2.77 
2.65 
2.57 
2.62 

2.67 
2.64 
2.56 

2.68 
2.59 
2.51 
2.54 
2.61 

2.54 
2.59 

2.56 

2.59 

2.60 

2.55 

2.57 
2.45 
2.42 
2.44 
2.40 


2 a 

W 

0.10 

0.10 

0.09 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 


0.10 

0.10 

0.09 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.08 

0.09 

0.08 


K 2 Q 2 a 

3.88 0.07 
3.91 0.07 

3.89 0.07 
3.94 0.07 

3.91 0.07 

3.90 0.07 
3.90 0.07 

3.86 0.07 

3.84 0.07 

3.92 0.07 
3.89 0.07 

3.88 0.07 

3.89 0.07 

3.93 0.07 

3.90 0.07 

3.94 0.07 
3.96 0.07 

3.95 0.07 
3.83 0.07 
3.92 0.07 

3.85 0.07 
3.95 0.07 

3.95 0.07 

3.92 0.07 
3.88 0.07 

3.79 0.07 
3.85 0.07 
3.90 0.07 
3.90 0.07 

3.96 0.07 

3.83 0.07 

3.93 0.07 
3.93 0.07 

3.97 0.07 
3.95 0.07 

3.88 0.07 

3.84 0.07 

3.87 0.07 

3.90 0.07 
3.87 0.07 
3.92 0.07 

3.81 0.07 
3.84 0.07 

3.80 0.07 

3.91 0.07 

3.89 0.07 

3.82 0.07 
3.75 0.07 
3.75 0.07 
3.79 0.07 


CaO 2 a 


2.02 0.08 
2.07 0.08 

1.95 0.08 

1.96 0.08 

1.93 0.08 
1.99 0.08 
1.96 0.08 

1.95 0.08 

1.96 0.08 

1.94 0.08 
1.90 0.08 
1.92 0.08 

1.97 0.08 
2.01 0.08 

1.97 0.08 

1.90 0.08 

1.94 0.08 

1.98 0.08 
1.92 0.08 
1.86 0.08 
1.92 0.08 

1.99 0.08 
2.04 0.08 
2.02 0.08 
1.99 0.08 
2.01 0.08 
1.98 0.08 
2.00 0.08 
2.05 0.08 

1.91 0.08 
1.98 0.08 
2.01 0.08 

1.98 0.08 

1.95 0.08 
2.02 0.08 
2.03 0.08 
2.05 0.08 

1.99 0.08 
1.97 0.08 
2.02 0.08 
2.10 0.09 
2.00 0.08 

1.96 0.08 
1.96 0.08 
2.07 0.09 
1.99 0.08 

1.92 0.08 
1.94 0.08 
1.94 0.08 


FeO 2 a Ti0 2 

2.94 0.15 050“ 

3.08 0.16 0.48 

3.01 0.15 0.52 

2.79 0.14 0.50 

2.88 0.15 0.47 

2.84 0.15 0.52 

2.82 0.14 0.50 

2.80 0.14 0.46 

2.76 0.14 0.44 

2.85 0.15 0.53 

3.00 0.15 0.40 

2.88 0.15 0.45 

2.87 0.15 0.46 

2.67 0.14 0.45 

2.70 0.14 0.50 

2.61 0.13 0.52 

2.84 0.15 0.48 

2.84 0.15 0.49 

2.77 0.14 0.46 

2.92 0.15 0.41 

2.95 0.15 0.47 

2.78 0.14 0.45 

2.80 0.14 0.45 

2.72 0.14 0.45 

2.72 0.14 0.47 

2.93 0.15 0.41 

2.82 0.14 0.46 

2.80 0.14 0.50 

2.81 0.14 0.51 

2.87 0.15 0.42 

2.79 0.14 0.46 

2.80 0.14 0.46 

2.93 0.15 0.44 

2.79 0.14 0.44 

2.84 0.14 0.49 

2.78 0.14 0.48 

2.99 0.15 0.57 

2.74 0.14 0.56 

2.71 0.14 0.47 

2.76 0.14 0.44 

2.67 0.14 0.49 

2.69 0.14 0.47 

2.69 0.14 0.48 

2.76 0.14 0.44 

2.82 0.14 0.39 

2.81 0.14 0.43 

2.84 0.15 0.46 

2.73 0.14 0.40 

2.75 0.14 0.43 

2.76 0.14 0.38 


2a- 

“007" 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.06 

0.06 

0.07 


0.06 

0.06 

0.07 

0.07 

0.07 

0.07 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 


0.06 

0.07 

0.07 

0.06 

0.06 


0.06 

0.07 

0.07 


0.07 

0.06 

0.07 

0.07 

0.07 

0.06 

0.05 


0.06 

0.06 

0.05 


MgO 2ct 
0.60 0.05 
0.58 0.05 
0.65 0.05 
0.59 0.05 
0.62 0.05 
0.66 0.05 
0.71 0.06 
0.65 0.05 
0.59 0.05 
0.58 0.05 
0.60 0.05 
0.68 0.06 
0.59 0.05 
0.56 0.05 
0.63 0.05 
0.65 0.05 
0.61 0.05 
0.63 0.05 
0.62 0.05 
0.56 0.05 
0.57 0.05 
0.62 0.05 
0.64 0.05 
0.63 0.05 
0.59 0.05 
0.56 0.05 
0.58 0.05 
0.62 0.05 
0.65 0.05 
0.59 0.05 
0.60 0.05 
0.61 0.05 
0.60 0.05 
0.56 0.05 
0.55 0.05 
0.59 0.05 
0.60 0.05 
0.56 0.05 
0.51 0.04 
0.53 0.04 
0.57 0.05 
0.55 0.05 
0.53 0.04 
0.64 0.05 
0.60 0.05 
0.62 0.05 
0.57 0.05 
0.55 0.05 
0.58 0.05 
0.59 0.05 
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1.62 75.95 0.20 
1.49 76.38 0.20 
1.35 76.67 0.20 
1.22 76.79 0.20 
1.08 77.09 0.20 
0.95 77.43 0.20 
0.81 77.87 0.20 

78.17 0.20 
0.54 78.71 0.21 
0.41 79.03 0.21 

0.27 79.00 0.21 

0.00 79.51 0.21 
0.14 79.44 0.21 
0.27 79.37 0.21 
0.41 79.24 0.21 
0.54 79.38 0.21 
0.68 79.41 0.21 
0.81 79.35 0.21 


12.03 0.11 
11.83 0.11 
11.59 0.11 
11.42 0.11 
11.30 0.10 
11.03 0.10 
10.81 0.10 
10.55 0.10 
10.32 0.10 
10.10 0.09 
10.01 0.09 


9.75 0.09 
9.67 0.09 

9.76 0.09 
9.74 0.09 


2.37 0.08 

2.31 0.08 
2.34 0.08 

2.32 0.08 
2.25 0.08 
2.28 0.08 
2.27 0.08 
2.25 0.08 
2.14 0.07 
2.09 0.07 
2.07 0.07 

2.05 0.07 
2.02 0.07 
2.01 0.07 
2.07 0.07 
2.05 0.07 
2.05 0.07 
2.03 0.07 


3.77 0.07 

3.73 0.07 
3.76 0.07 

3.78 0.07 

3.74 0.07 
3.64 0.07 

3.67 0.07 

3.68 0.07 

3.64 0.07 
3.59 0.07 

3.65 0.07 

3.52 0.06 
3.54 0.07 
3.59 0.07 
3.51 0.06 
3.47 0.06 
3.51 0.06 
3.56 0.07 


2.00 0.08 
1.95 0.08 
1.90 0.08 
1.89 0.08 
1.78 0.07 
1.76 0.07 
1.72 0.07 

1.67 0.07 
1.61 0.07 
1.57 0.06 
1.59 0.07 

1.52 0.06 

1.56 0.06 

1.57 0.06 

1.61 0.07 

1.62 0.07 
1.59 0.07 

1.68 0.07 


2.86 0.15 
2.79 0.14 
2.75 0.14 
2.71 0.14 
2.83 0.14 
2.83 0.14 

2.68 0.14 

2.73 0.14 
2.64 0.14 
2.67 0.14 

2.74 0.14 
2.56 0.13 
2.62 0.13 
2.78 0.14 
2.73 0.14 
2.77 0.14 
2.81 0.14 

2.75 0.14 

2.69 0.14 


0.45 0.06 
0.45 0.06 
0.43 0.06 
0.47 0.07 
0.44 0.06 
0.45 0.06 
0.44 0.06 
0.39 0.05 
0.41 0.06 
0.40 0.06 
0.38 0.05 

0.48 0.07 
0.44 0.06 
0.49 0.07 
0.52 0.07 
0.42 0.06 
0.41 0.06 
0.41 0.06 


0.56 0.05 
0.56 0.05 
0.56 0.05 
0.61 0.05 
0.56 0.05 
0.57 0.05 
0.53 0.04 
0.56 0.05 
0.54 0.04 
0.54 0.04 
0.56 0.05 

0.53 0.04 
0.56 0.05 
0.56 0.05 
0.53 0.04 
0.58 0.05 
0.53 0.04 
0.55 0.05 


0.95 79.11 0.21 
1.08 78.98 0.21 

1.22 78.98 0.21 

1.35 78.97 0.21 

1.49 78.95 0.21 

1.62 78.55 0.21 

1.76 78.46 0.21 
1.89 78.46 0.21 
2.03 78.32 0.21 
2.16 78.49 0.21 
2.30 78.06 0.20 
2.43 77.89 0.20 
2.57 77.82 0.20 
2.70 78.00 0.20 
2.84 77.93 0.20 
2.97 77.81 0.20 
3.11 77.61 0.20 

3.24 77.77 0.20 
3.38 77.52 0.20 
3.51 77.42 0.20 

3.65 77.40 0.20 
3.78 77.32 0.20 
3.92 77.28 0.20 
4.05 77.31 0.20 
4.19 77.02 0.20 
4.32 77.08 0.20 
4.46 77.07 0.20 
4.60 76.70 0.20 
4.73 76.83 0.20 
4.87 76.63 0.20 
5.00 76.53 0.20 
5.14 76.56 0.20 
5.27 76.45 0.20 
5.41 76.16 0.20 

5.54 76.16 0.20 
5.68 76.24 0.20 
5.81 76.31 0.20 

5.95 76.22 0.20 
6.08 76.00 0.20 

6.22 75.89 0.20 

6.35 76.10 0.20 

6.49 75.71 0.20 

6.62 75.76 0.20 


1.97 0.08 2.86 


2.13 0.09 
2.10 0.09 
2.08 0.09 
2.15 0.09 
2.19 0.09 
2.25 0.09 
2.19 0.09 
2.18 0.09 
2.17 0.09 
2.21 0.09 
2.27 0.09 
2.29 0.09 
2.29 0.09 
2.32 0.10 


0.41 0.06 
0.42 0.06 
0.45 0.06 


0.41 0.06 
0.42 0.06 
0.43 0.06 


2.46 0.09 
2.43 0.09 
2.45 0.09 


11.59 0.11 2.39 0.08 3.81 0.07 


2.96 0.15 0.49 0.07 


0.52 0.04 
0.56 0.05 
0.58 0.05 
0.52 0.04 
0.52 0.04 
0.59 0.05 
0.59 0.05 
0.58 0.05 
0.61 0.05 
0.54 0.04 
0.62 0.05 
0.60 0.05 
0.56 0.05 
0.57 0.05 
0.59 0.05 
0.53 0.04 
0.53 0.04 
0.54 0.04 
0.55 0.05 
0.59 0.05 
0.57 0.05 
0.54 0.05 
0.56 0.05 
0.58 0.05 
0.57 0.05 
0.57 0.05 
0.54 0.04 
0.58 0.05 
0.59 0.05 
0.55 0.05 
0.56 0.05 
0.59 0.05 
0.54 0.04 
0.61 0.05 
0.63 0.05 
0.59 0.05 
0.54 0.04 
0.59 0.05 
0.59 0.05 
0.57 0.05 
0.58 0.05 
0.59 0.05 
0.60 0.05 
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113 

6.76 75.89 

0.20 

11.56 0.11 

2.45 

0.09 

3.75 0.07 

2.36 0 

10 

2.98 

0.15 0.37 

0.05 

0.63 

0.05 

114 

6.89 75.51 

0.20 

11.62 0.11 

2.43 

0.08 

3.87 0.07 

2.44 0 

10 

3.14 

0.16 0.39 

0.05 

0.60 

0.05 

115 

7.03 75.54 

0.20 

11.76 0.11 

2.44 

0.09 

3.88 0.07 

2.42 0 

10 

2.99 

0.15 0.43 

0.06 

0.53 

0.04 

116 

7.16 75.36 

0.20 

11.78 0.11 

2.48 

0.09 

3.81 0.07 

2.46 0 

10 

3.08 

0.16 0.42 

0.06 

0.60 

0.05 

117 

7.30 75.49 

0.20 

11.79 0.11 

2.39 

0.08 

3.78 0.07 

2.48 0 

10 

3.00 

0.15 0.45 

0.06 

0.63 

0.05 

118 

7.43 75.54 

0.20 

11.73 0.11 

2.48 

0.09 

3.84 0.07 

2.41 0 

10 

2.97 

0.15 0.44 

0.06 

0.59 

0.05 

119 

7.57 75.46 

0.20 

11.89 0.11 

2.48 

0.09 

3.77 0.07 

2.39 0 

10 

2.98 

0.15 0.47 

0.07 

0.55 

0.05 

120 

7.70 75.57 

0.20 

11.83 0.11 

2.43 

0.09 

3.83 0.07 

2.39 0 

10 

2.95 

0.15 0.39 

0.05 

0.61 

0.05 

121 

7.84 75.30 

0.20 

11.90 0.11 

2.47 

0.09 

3.87 0.07 

2.49 0 

10 

2.97 

0.15 0.45 

0.06 

0.55 

0.05 

122 

7.97 75.28 

0.20 

11.91 0.11 

2.43 

0.09 

3.77 0.07 

2.52 0 

.10 

3.01 

0.15 0.51 

0.07 

0.56 

0.05 

123 

8.11 75.30 

0.20 

12.04 0.11 

2.45 

0.09 

3.81 0.07 

2.41 0 

.10 

2.96 

0.15 0.45 

0.06 

0.59 

0.05 

124 

8.24 75.15 

0.20 

12.01 0.11 

2.46 

0.09 

3.91 0.07 

2.54 0 

.10 

2.95 

0.15 0.41 

0.06 

0.57 

0.05 

125 

8.38 75.27 

0.20 

12.02 0.11 

2.45 

0.09 

3.85 0.07 

2.41 0 

.10 

2.95 

0.15 0.43 

0.06 

0.61 

0.05 

126 

8.51 75.13 

0.20 

12.08 0.11 

2.45 

0.09 

3.83 0.07 

2.52 0 

.10 

3.02 

0.15 0.40 

0.06 

0.57 

0.05 

127 

8.65 75.41 

0.20 

12.05 0.11 

2.41 

0.08 

3.75 0.07 

2.36 0 

.10 

2.93 

0.15 0.47 

0.07 

0.62 

0.05 

128 

8.78 75.20 

0.20 

12.12 0.11 

2.48 

0.09 

3.87 0.07 

2.36 0 

.10 

2.93 

0.15 0.45 

0.06 

0.59 

0.05 
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Agglomerate FLD23.3.1 


Table J.18: Major element compositions (as wt.% oxides) from a line traverse across the interface of sur¬ 
face agglomerate FLD23.3.1 (from agglomerate FLD23.3.1 to host FLD23) extracted from quantified EDS 
compositional maps. The EDS compositional maps were collected at a resolution of 3.7 pixels///m. The 
smoothing width for this traverse was 90 pixels (24.2 /im) wide. This is an Si interface and has been cen¬ 
tered at x = 0 based on the SiC>2 maximum. Peak points within 2cr of the SiC>2 maximum are IQflSj8ijBBE§B 
in yellcm|. Uncertainties are 2SEOM. 


Position 


Pt. (|im) S1O2 2 a AI2O3 2 a Na20 2 a K2O 2 a CaO 2 a FcO 2 a T1O2 2 a MgO 2 a 


2 

3 

4 

5 

6 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 


73.48 0.22 

73.49 0.22 
73.60 0.22 

73.77 0.23 
73.69 0.23 
73.54 0.22 

73.43 0.22 
73.58 0.22 
73.74 0.23 

73.33 0.22 

73.44 0.22 
73.74 0.23 
73.88 0.23 
73.84 0.23 
73.81 0.23 
73.83 0.23 
74.01 0.23 
73.94 0.23 
74.00 0.23 
74.15 0.23 
73.94 0.23 
73.94 0.23 

74.33 0.23 
74.65 0.23 
75.07 0.23 
75.30 0.23 

75.23 0.23 

75.39 0.23 
75.91 0.23 
75.97 0.23 
76.56 0.23 

76.78 0.23 

77.24 0.24 

77.39 0.24 
77.72 0.24 
78.02 0.24 


13.42 0.13 
13.38 0.13 
13.30 0.13 
13.38 0.13 
13.38 0.13 
13.45 0.13 
13.38 0.13 
13.27 0.13 
13.30 0.13 
13.45 0.13 
13.32 0.13 

13.15 0.13 
13.09 0.13 
13.09 0.13 
13.04 0.13 
13.10 0.13 
12.97 0.13 

12.88 0.13 

12.91 0.13 
12.94 0.13 
13.07 0.13 
13.05 0.13 
12.71 0.12 

12.42 0.12 
12.37 0.12 

12.16 0.12 
12.15 0.12 
12.03 0.12 

11.92 0.12 
11.61 0.11 
11.40 0.11 
11.22 0.11 

10.89 0.11 
10.75 0.10 
10.47 0.10 
10.34 0.10 


3.34 0.10 
3.36 0.10 

3.27 0.09 
3.29 0.10 

3.22 0.09 

3.21 0.09 

3.28 0.09 

3.29 0.10 

3.23 0.09 

3.22 0.09 
3.29 0.10 
3.36 0.10 

3.29 0.10 

3.30 0.10 

3.32 0.10 

3.33 0.10 
3.21 0.09 
3.33 0.10 
3.33 0.10 
3.32 0.10 
3.29 0.10 
3.40 0.10 

3.31 0.10 

3.32 0.10 

3.16 0.09 
3.19 0.09 
3.14 0.09 

3.17 0.09 
3.11 0.09 
3.05 0.09 
2.98 0.09 
3.01 0.09 
3.03 0.09 
2.95 0.09 
2.89 0.08 
2.92 0.08 


3.84 0.10 

3.84 0.10 
3.81 0.10 

3.85 0.10 
3.80 0.10 

3.80 0.10 
3.85 0.10 
3.93 0.11 

3.84 0.10 

3.93 0.11 
3.99 0.11 
3.87 0.10 

3.85 0.10 

3.86 0.10 

3.89 0.11 
3.86 0.10 
3.99 0.11 

3.90 0.11 

3.81 0.10 
3.78 0.10 
3.81 0.10 

3.94 0.11 
3.98 0.11 

3.91 0.11 
3.86 0.10 
3.98 0.11 
3.98 0.11 
3.96 0.11 
3.77 0.10 
3.89 0.11 
3.77 0.10 
3.80 0.10 
3.77 0.10 
3.80 0.10 
3.85 0.10 
3.77 0.10 


1.94 0.09 

1.95 0.09 
1.99 0.09 

1.94 0.08 
1.90 0.08 
2.07 0.09 
2.00 0.09 

1.92 0.08 
1.87 0.08 
1.97 0.09 
2.01 0.09 
2.01 0.09 
2.00 0.09 

1.90 0.08 

1.89 0.08 

1.91 0.08 
1.97 0.09 
2.00 0.09 

1.95 0.09 

1.93 0.08 

1.96 0.09 
1.91 0.08 

1.90 0.08 
1.85 0.08 
1.80 0.08 

1.75 0.08 

1.76 0.08 
1.68 0.07 
1.72 0.08 
1.72 0.08 
1.68 0.07 
1.60 0.07 
1.53 0.07 
1.48 0.06 
1.52 0.07 
1.40 0.06 


2.91 0.20 

2.91 0.20 
2.84 0.19 
2.66 0.18 
2.78 0.19 

2.80 0.19 
2.84 0.19 

2.81 0.19 
2.89 0.20 
2.94 0.20 
2.89 0.20 

2.81 0.19 

2.78 0.19 
2.97 0.20 
2.97 0.20 

2.82 0.19 

2.79 0.19 

2.83 0.19 

2.92 0.20 

2.81 0.19 

2.82 0.19 
2.70 0.18 
2.73 0.19 

2.80 0.19 
2.77 0.19 
2.67 0.18 

2.83 0.19 

2.76 0.19 
2.50 0.17 

2.77 0.19 
2.63 0.18 
2.66 0.18 
2.67 0.18 

2.63 0.18 
2.56 0.17 

2.64 0.18 


0.49 0.09 
0.47 0.08 
0.51 0.09 
0.43 0.07 
0.60 0.11 
0.52 0.09 
0.55 0.10 
0.54 0.09 
0.50 0.09 
0.56 0.10 
0.49 0.09 
0.48 0.08 
0.48 0.08 
0.45 0.08 
0.50 0.09 
0.58 0.10 
0.46 0.08 
0.49 0.09 
0.48 0.08 
0.48 0.08 
0.49 0.09 
0.44 0.08 
0.46 0.08 
0.52 0.09 
0.45 0.08 
0.41 0.07 
0.37 0.07 
0.46 0.08 
0.52 0.09 
0.44 0.08 
0.42 0.07 
0.42 0.07 
0.33 0.06 
0.43 0.07 
0.44 0.08 
0.36 0.06 


0.58 0.05 
0.60 0.06 
0.68 0.06 
0.68 0.06 
0.63 0.06 
0.62 0.06 
0.68 0.06 
0.66 0.06 
0.62 0.06 
0.60 0.06 
0.56 0.05 
0.59 0.06 
0.63 0.06 
0.59 0.06 
0.58 0.05 
0.57 0.05 
0.59 0.06 
0.62 0.06 
0.59 0.06 
0.59 0.06 
0.61 0.06 
0.63 0.06 
0.58 0.05 
0.53 0.05 
0.53 0.05 
0.54 0.05 
0.52 0.05 
0.55 0.05 
0.56 0.05 
0.56 0.05 
0.55 0.05 
0.50 0.05 
0.54 0.05 
0.58 0.05 
0.55 0.05 
0.54 0.05 


37 0.00 78.32 0.24 10.25 0.10 2.85 0.08 3.65 0.10 1.40 0.06 2.59 0.18 0.45 0.08 0.49 0.05 

38 0.27 78.26 0.24 10.07 0.10 2.86 0.08 3.75 0.10 1.55 0.07 2.52 0.17 0.44 0.08 0.55 0.05 

39 0.54 78.10 0.24 10.10 0.10 3.01 0.09 3.79 0.10 1.46 0.06 2.63 0.18 0.42 0.07 0.49 0.05 


40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


0.81 77.48 0.24 

1.08 77.36 0.24 
1.35 77.55 0.24 
1.62 77.18 0.24 
1.89 76.51 0.23 
2.15 76.38 0.23 
2.42 76.16 0.23 
2.69 75.89 0.23 
2.96 75.75 0.23 
3.23 75.51 0.23 
3.50 75.04 0.23 


10.22 0.10 
10.27 0.10 
10.34 0.10 
10.53 0.10 
10.80 0.11 
10.93 0.11 
11.05 0.11 
11.07 0.11 
11.25 0.11 
11.43 0.11 
11.60 0.11 


3.13 0.09 3.77 

3.16 0.09 3.86 

3.10 0.09 3.86 

3.23 0.09 3.89 

3.28 0.09 3.86 

3.29 0.09 3.82 

3.34 0.10 3.86 

3.44 0.10 3.91 

3.43 0.10 3.99 

3.46 0.10 3.98 

3.57 0.10 3.98 


0.10 1.55 0.07 

0.10 1.61 0.07 

0.10 1.60 0.07 

0.11 1.54 0.07 

0.10 1.66 0.07 

0.10 1.72 0.08 

0.10 1.74 0.08 

0.11 1.68 0.07 

0.11 1.84 0.08 

0.11 1.92 0.08 

0.11 1.91 0.08 


2.84 0.19 0.44 

2.67 0.18 0.43 

2.55 0.17 0.40 

2.72 0.19 0.40 

2.90 0.20 0.45 

2.79 0.19 0.45 

2.81 0.19 0.50 

2.95 0.20 0.43 

2.75 0.19 0.40 

2.73 0.19 0.41 

2.87 0.20 0.41 


0.08 0.56 0.05 

0.08 0.64 0.06 

0.07 0.58 0.05 

0.07 0.51 0.05 

0.08 0.54 0.05 

0.08 0.62 0.06 

0.09 0.55 0.05 

0.08 0.62 0.06 

0.07 0.59 0.06 

0.07 0.56 0.05 

0.07 0.62 0.06 
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Agglomerate FLD23.3.2 


Table J.19: Major element compositions (as wt.% oxides) from a line traverse across the interface of sur¬ 
face agglomerate FLD23.3.2 (from agglomerate FLD23.3.2 to host FLD23) extracted from quantified EDS 
compositional maps. The EDS compositional maps were collected at a resolution of 3.7 pixels///m. The 
smoothing width for this traverse was 50 pixels (13.5 /im) wide. This is an Si interface and has been cen¬ 
tered at x = 0 based on the SiC>2 maximum. Peak points within 2cr of the SiC>2 maximum are 
in yellowj. Uncertainties are 2SEOM. 


Position 
Pt. (|im) 


SiC>2 2 a AI2O3 2<t Na20 2<7 K2O 2<r CaO 2 a FeO 2 a Ti02 2 a MgO 


73.45 0.49 

73.31 0.49 

73.46 0.49 
73.52 0.49 
73.51 0.49 

73.38 0.49 
73.44 0.49 
73.36 0.49 
73.07 0.49 
73.50 0.49 
73.33 0.49 

73.16 0.49 
73.04 0.49 
73.08 0.49 

72.95 0.48 
73.00 0.48 

72.72 0.48 
73.00 0.48 

73.35 0.49 

73.32 0.49 

73.39 0.49 

73.84 0.49 

73.75 0.49 
73.64 0.49 

73.63 0.49 
73.58 0.49 

74.14 0.49 

74.12 0.49 

74.11 0.49 

74.61 0.50 
75.21 0.50 
75.78 0.50 

76.11 0.51 

76.46 0.51 


76.83 0.51 

77.00 0.51 
76.88 0.51 
76.42 0.51 
76.76 0.51 

76.57 0.51 

76.58 0.51 
76.64 0.51 
76.53 0.51 
75.87 0.50 
75.63 0.50 
75.63 0.50 
75.49 0.50 
75.32 0.50 
75.25 0.50 
75.18 0.50 


13.19 0.26 
13.08 0.25 

12.98 0.25 

13.16 0.25 
13.04 0.25 
13.01 0.25 
13.01 0.25 

12.94 0.25 
13.04 0.25 
13.08 0.25 

12.94 0.25 

12.84 0.25 

12.94 0.25 
12.97 0.25 

12.87 0.25 
12.67 0.25 
12.83 0.25 
12.66 0.25 
12.80 0.25 

12.61 0.24 

12.75 0.25 

12.70 0.25 

12.73 0.25 

12.61 0.24 
12.52 0.24 

12.49 0.24 

12.39 0.24 

12.13 0.23 

12.13 0.23 
11.77 0.23 

11.35 0.22 

10.96 0.21 

10.99 0.21 

10.99 0.21 


10.74 0.21 

10.65 0.21 
10.65 0.21 
10.67 0.21 
10.51 0.20 
10.60 0.21 
10.59 0.20 
10.82 0.21 
10.78 0.21 
10.96 0.21 
11.16 0.22 
11.09 0.21 
11.14 0.22 
11.36 0.22 
11.44 0.22 
11.39 0.22 


3.53 0.13 
3.57 0.13 

3.53 0.13 
3.40 0.12 
3.47 0.13 

3.65 0.13 
3.60 0.13 

3.55 0.13 

3.54 0.13 
3.60 0.13 

3.75 0.14 
3.71 0.13 

3.75 0.14 

3.81 0.14 

3.74 0.13 

3.82 0.14 
3.88 0.14 

3.82 0.14 

3.92 0.14 
3.88 0.14 

3.84 0.14 

3.66 0.13 

3.83 0.14 

3.87 0.14 

3.82 0.14 

3.82 0.14 

3.75 0.14 

3.81 0.14 
3.86 0.14 

3.76 0.14 
3.69 0.13 
3.59 0.13 
3.38 0.12 

3.31 0.12 
3.27 0.12 

3.25 0.12 
3.37 0.12 
3.47 0.13 

3.49 0.13 

3.35 0.12 

3.32 0.12 
3.34 0.12 
3.44 0.12 

3.54 0.13 

3.63 0.13 

3.56 0.13 

3.49 0.13 
3.43 0.12 

3.49 0.13 
3.62 0.13 


4.08 0.12 

4.10 0.13 
4.09 0.12 
4.09 0.12 

4.17 0.13 
4.22 0.13 
4.22 0.13 

4.18 0.13 

4.24 0.13 

4.12 0.13 

4.16 0.13 
4.21 0.13 
4.29 0.13 
4.06 0.12 

4.11 0.13 

4.18 0.13 

4.25 0.13 
4.29 0.13 
4.08 0.12 

3.98 0.12 

4.13 0.13 
4.01 0.12 
4.05 0.12 

3.99 0.12 

4.13 0.13 

4.13 0.13 

4.17 0.13 
4.20 0.13 

4.12 0.13 

4.14 0.13 
4.04 0.12 

4.11 0.13 
4.16 0.13 
4.00 0.12 

3.96 0.12 

4.03 0.12 

3.96 0.12 
4.03 0.12 

3.82 0.12 

3.88 0.12 

3.97 0.12 

3.85 0.12 

3.93 0.12 

3.86 0.12 

3.96 0.12 
4.07 0.12 
4.05 0.12 

4.13 0.13 

4.12 0.13 

3.97 0.12 


2.70 0.21 
2.75 0.22 

2.82 0.22 

2.87 0.22 

2.71 0.21 

2.81 0.22 

2.82 0.22 

2.87 0.22 

2.89 0.23 

2.81 0.22 

2.88 0.23 

2.93 0.23 

2.82 0.22 

2.95 0.23 
3.08 0.24 
3.03 0.24 
3.06 0.24 

3.15 0.25 

2.73 0.21 
3.05 0.24 

2.96 0.23 
2.69 0.21 

2.63 0.21 
2.91 0.23 

2.89 0.23 

2.74 0.21 

2.61 0.20 

2.77 0.22 
3.04 0.24 

2.98 0.23 
2.91 0.23 
2.86 0.22 
2.65 0.21 
2.53 0.20 


2.58 0.20 

2.48 0.19 
2.67 0.21 
2.81 0.22 
2.90 0.23 
3.02 0.24 
2.83 0.22 
2.67 0.21 
2.52 0.20 
192 023 ] 
2.80 0.22 
2.83 0.22 
2.85 0.22 
2.76 0.22 
2.71 0.21 
2.96 0.23 


0.48 0.10 0.61 

0.53 0.11 0.65 

0.53 0.11 0.63 

0.41 0.08 0.58 

0.41 0.08 0.62 

0.44 0.09 0.56 

0.41 0.08 0.58 

0.55 0.11 0.65 

0.51 0.10 0.70 

0.51 0.10 0.49 

0.54 0.11 0.50 

0.57 0.11 0.63 

0.54 0.11 0.63 

0.45 0.09 0.59 

0.53 0.11 0.64 

0.49 0.10 0.68 

0.55 0.11 0.69 

0.47 0.09 0.69 

0.51 0.10 0.69 

0.44 0.09 0.67 

0.37 0.07 0.62 

0.48 0.10 0.71 

0.38 0.08 0.59 

0.46 0.09 0.58 

0.54 0.11 0.53 

0.55 0.11 0.71 

0.50 0.10 0.63 

0.51 0.10 0.59 

0.39 0.08 0.61 

0.41 0.08 0.62 

0.50 0.10 0.62 

0.44 0.09 0.59 

0.47 0.09 0.56 

0.56 0.11 0.64 

0.40 

0.37 0.07 0.51 

0.39 0.08 0.48 

0.44 0.09 0.55 

0.46 0.09 0.53 

0.37 0.07 0.55 

0.34 0.07 0.64 

0.42 0.08 0.61 

0.39 0.08 0.58 

0.46 0.09 0.64 

0.42 0.08 0.61 

0.42 0.08 0.54 

0.57 0.11 0.57 

0.47 0.09 0.60 

0.47 0.09 0.64 

0.45 0.09 0.50 
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1 

4.04 74.88 

0.50 

11.51 

0.22 

3.73 

0.13 4.09 

0.12 

1.94 

0.10 

2.83 

0.22 

0.60 

0.12 

0.43 

0.06 


2 

4.31 74.73 

0.50 

11.82 

0.23 

3.68 

0.13 4.15 

0.13 

1.98 

0.11 

2.62 

0.21 

0.46 

0.09 

0.57 

0.09 


3 

4.58 74.75 

0.50 

11.73 

0.23 

3.72 

0.13 4.06 

0.12 

1.95 

0.11 

2.76 

0.22 

0.40 

0.08 

0.64 

0.10 


4 

4.85 74.71 

0.50 

11.78 

0.23 

3.71 

0.13 4.08 

0.12 

1.99 

0.11 

2.69 

0.21 

0.38 

0.08 

0.65 

0.10 


5 

5.12 74.59 

0.50 

11.80 

0.23 

3.82 

0.14 4.06 

0.12 

2.00 

0.11 

2.66 

0.21 

0.44 

0.09 

0.64 

0.10 


6 

5.39 74.14 

0.49 

11.98 

0.23 

3.78 

0.14 4.03 

0.12 

2.14 

0.12 

2.89 

0.23 

0.44 

0.09 

0.59 

0.09 


7 

5.66 74.38 

0.49 

12.03 

0.23 

3.69 

0.13 4.04 

0.12 

1.95 

0.11 

2.83 

0.22 

0.41 

0.08 

0.66 

0.10 


8 

5.93 73.89 

0.49 

11.94 

0.23 

3.80 

0.14 4.11 

0.13 

2.13 

0.11 

2.97 

0.23 

0.52 

0.10 

0.63 

0.09 


9 

6.20 73.54 

0.49 

11.92 

0.23 

3.76 

0.14 4.18 

0.13 

2.06 

0.11 

3.23 

0.25 

0.65 

0.13 

0.65 

0.10 


0 

6.46 73.86 

0.49 

12.16 

0.24 

3.92 

0.14 4.10 

0.13 

2.14 

0.12 

2.71 

0.21 

0.42 

0.08 

0.70 

0.11 


1 

6.74 73.81 

0.49 

12.07 

0.23 

3.92 

0.14 4.03 

0.12 

2.08 

0.11 

2.78 

0.22 

0.65 

0.13 

0.66 

0.10 


2 

7.00 73.68 

0.49 

12.09 

0.23 

4.00 

0.14 3.91 

0.12 

2.16 

0.12 

3.09 

0.24 

0.42 

0.08 

0.65 

0.10 


3 

7.27 73.98 

0.49 

12.01 

0.23 

3.83 

0.14 4.00 

0.12 

2.21 

0.12 

2.92 

0.23 

0.40 

0.08 

0.65 

0.10 


4 

7.54 74.01 

0.49 

12.07 

0.23 

3.77 

0.14 4.19 

0.13 

2.13 

0.11 

2.79 

0.22 

0.46 

0.09 

0.59 

0.09 


5 

7.81 73.56 

0.49 

12.20 

0.24 

3.81 

0.14 4.14 

0.13 

2.15 

0.12 

2.98 

0.23 

0.53 

0.11 

0.63 

0.09 


6 

8.08 73.84 

0.49 

12.23 

0.24 

3.91 

0.14 4.09 

0.12 

2.13 

0.11 

2.72 

0.21 

0.48 

0.10 

0.60 

0.09 


7 

8.35 74.11 

0.49 

12.28 

0.24 

3.89 

0.14 4.09 

0.12 

2.00 

0.11 

2.61 

0.20 

0.40 

0.08 

0.62 

0.09 


8 

8.62 74.12 

0.49 

12.23 

0.24 

3.76 

0.14 4.09 

0.12 

2.05 

0.11 

2.72 

0.21 

0.46 

0.09 

0.57 

0.09 


9 

8.89 74.01 

0.49 

12.40 

0.24 

3.80 

0.14 4.07 

0.12 

2.03 

0.11 

2.64 

0.21 

0.51 

0.10 

0.53 

0.08 


0 

9.16 74.11 

0.49 

12.10 

0.23 

3.94 

0.14 4.03 

0.12 

2.16 

0.12 

2.66 

0.21 

0.50 

0.10 

0.50 

0.08 


1 

9.43 73.86 

0.49 

12.15 

0.24 

3.86 

0.14 4.08 

0.12 

2.04 

0.11 

3.00 

0.23 

0.48 

0.10 

0.53 

0.08 


2 

9.70 73.77 

0.49 

12.35 

0.24 

3.83 

0.14 4.08 

0.12 

2.09 

0.11 

2.81 

0.22 

0.55 

0.11 

0.53 

0.08 


3 

9.97 74.00 

0.49 

12.35 

0.24 

3.79 

0.14 4.14 

0.13 

2.09 

0.11 

2.59 

0.20 

0.51 

0.10 

0.53 

0.08 


4 

10.24 73.79 

0.49 

12.29 

0.24 

3.71 

0.13 4.05 

0.12 

2.22 

0.12 

2.77 

0.22 

0.47 

0.09 

0.71 

0.11 


5 

10.51 73.53 

0.49 

12.39 

0.24 

3.91 

0.14 4.08 

0.12 

2.12 

0.11 

2.79 

0.22 

0.52 

0.10 

0.65 

0.10 


6 

10.78 73.63 

0.49 

12.20 

0.24 

3.99 

0.14 4.15 

0.13 

2.11 

0.11 

2.82 

0.22 

0.46 

0.09 

0.64 

0.10 


7 

11.04 73.64 

0.49 

12.26 

0.24 

3.95 

0.14 4.11 

0.13 

2.24 

0.12 

2.71 

0.21 

0.46 

0.09 

0.64 

0.10 


8 

11.31 73.92 

0.49 

12.25 

0.24 

3.86 

0.14 4.10 

0.13 

2.25 

0.12 

2.55 

0.20 

0.45 

0.09 

0.62 

0.09 

7 

9 

11.58 73.49 

0.49 

12.32 

0.24 

4.01 

0.14 4.19 

0.13 

2.19 

0.12 

2.69 

0.21 

0.47 

0.09 

0.63 

0.09 

80 

11.85 73.70 

0.49 

12.37 

0.24 

4.03 

0.15 4.15 

0.13 

2.18 

0.12 

2.48 

0.19 

0.50 

0.10 

0.58 

0.09 


1 

12.12 73.48 

0.49 

12.42 

0.24 

3.88 

0.14 4.08 

0.12 

2.03 

0.11 

3.01 

0.24 

0.46 

0.09 

0.65 

0.10 

82 

12.39 73.71 

0.49 

12.26 

0.24 

3.91 

0.14 4.21 

0.13 

2.09 

0.11 

2.80 

0.22 

0.45 

0.09 

0.56 

0.08 

83 

12.66 73.40 

0.49 

12.48 

0.24 

3.75 

0.14 4.12 

0.13 

2.17 

0.12 

2.88 

0.23 

0.61 

0.12 

0.60 

0.09 


4 

12.93 73.71 

0.49 

12.19 

0.24 

4.01 

0.14 4.08 

0.12 

2.20 

0.12 

2.80 

0.22 

0.46 

0.09 

0.57 

0.09 


5 

13.20 73.41 

0.49 

12.36 

0.24 

3.97 

0.14 4.30 

0.13 

2.18 

0.12 

2.73 

0.21 

0.43 

0.09 

0.63 

0.10 

86 

13.47 73.86 

0.49 

12.51 

0.24 

3.76 

0.14 4.07 

0.12 

2.06 

0.11 

2.68 

0.21 

0.45 

0.09 

0.60 

0.09 


7 

13.74 73.64 

0.49 

12.40 

0.24 

3.88 

0.14 4.01 

0.12 

2.10 

0.11 

2.81 

0.22 

0.48 

0.10 

0.68 

0.10 

88 

14.01 73.30 

0.49 

12.38 

0.24 

4.05 

0.15 4.17 

0.13 

2.21 

0.12 

2.87 

0.22 

0.49 

0.10 

0.54 

0.08 

89 

14.28 73.20 

0.49 

12.41 

0.24 

4.03 

0.15 4.27 

0.13 

2.16 

0.12 

2.96 

0.23 

0.45 

0.09 

0.51 

0.08 

90 

14.55 73.84 

0.49 

12.68 

0.25 

4.02 

0.15 3.94 

0.12 

2.04 

0.11 

2.61 

0.20 

0.44 

0.09 

0.44 

0.07 


1 

14.82 73.47 

0.49 

12.57 

0.24 

4.05 

0.15 4.17 

0.13 

2.05 

0.11 

2.73 

0.21 

0.46 

0.09 

0.51 

0.08 


2 

15.09 73.17 

0.49 

12.71 

0.25 

4.11 

0.15 4.11 

0.13 

2.24 

0.12 

2.75 

0.22 

0.37 

0.07 

0.53 

0.08 

93 

15.35 73.52 

0.49 

12.30 

0.24 

4.05 

0.15 4.27 

0.13 

2.26 

0.12 

2.46 

0.19 

0.49 

0.10 

0.64 

0.10 

94 

15.62 73.75 

0.49 

12.57 

0.24 

4.04 

0.15 4.06 

0.12 

2.08 

0.11 

2.36 

0.18 

0.48 

0.10 

0.66 

0.10 


5 

15.89 73.45 

0.49 

12.52 

0.24 

3.99 

0.14 4.05 

0.12 

2.05 

0.11 

2.90 

0.23 

0.41 

0.08 

0.62 

0.09 

96 

16.16 73.04 

0.49 

12.68 

0.25 

4.00 

0.14 4.09 

0.12 

2.18 

0.12 

3.01 

0.24 

0.47 

0.09 

0.52 

0.08 


7 

16.43 73.05 

0.49 

12.49 

0.24 

4.01 

0.14 4.17 

0.13 

2.23 

0.12 

2.97 

0.23 

0.47 

0.09 

0.61 

0.09 

98 

16.70 73.51 

0.49 

12.51 

0.24 

4.00 

0.14 4.18 

0.13 

2.05 

0.11 

2.68 

0.21 

0.49 

0.10 

0.58 

0.09 


9 

16.97 73.51 

0.49 

12.73 

0.25 

3.88 

0.14 4.04 

0.12 

2.19 

0.12 

2.54 

0.20 

0.53 

0.11 

0.58 

0.09 

100 

17.24 72.99 

0.48 

12.90 

0.25 

3.86 

0.14 4.07 

0.12 

2.25 

0.12 

2.65 

0.21 

0.67 

0.13 

0.62 

0.09 

101 

17.51 73.24 

0.49 

12.66 

0.25 

3.86 

0.14 4.12 

0.13 

2.28 

0.12 

2.77 

0.22 

0.46 

0.09 

0.61 

0.09 
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Agglomerate FLD23.4.1 


Table J.20: Major element compositions (as wt.% oxides) from a line traverse across the interface of sur¬ 
face agglomerate FLD23.4.1 (from agglomerate FLD23.4.1 to host FLD23) extracted from quantified EDS 
compositional maps. The EDS compositional maps were collected at a resolution of 6.0 pixels///m. The 
smoothing width for this traverse was 75 pixels (12.5 /im) wide. This is an Si interface and has been cen¬ 
tered at x = 0 based on the SiC>2 maximum. Peak points within 2cr of the SiC>2 maximum are IQflSj8ijBBE§B 
in yellcm|. Uncertainties are 2SEOM. 


Position 


Pt. 

w 

Si0 2 

2 a 

AI2O3 

2 a 

Na 2 0 

2 a 

k 2 o 

2 a 

CaO 

2 a 

FeO 

2 a 

Ti0 2 

2 a 

MgO 

2 a 

1 

-7.81 

73.94 

0.30 

13.29 

0.12 

2.94 

0.11 

3.86 

0.07 

1.82 

0.09 

3.02 

0.20 

0.47 

0.08 

0.65 

0.06 

2 

-7.64 

73.79 

0.30 

13.24 

0.12 

2.88 

0.11 

3.87 

0.07 

1.82 

0.09 

3.15 

0.21 

0.50 

0.09 

0.75 

0.07 

3 

-7.48 

73.82 

0.30 

13.35 

0.12 

3.06 

0.11 

3.91 

0.07 

1.88 

0.09 

2.87 

0.19 

0.48 

0.08 

0.63 

0.06 

4 

-7.31 

73.69 

0.30 

13.50 

0.12 

3.10 

0.11 

3.96 

0.07 

1.83 

0.09 

2.83 

0.19 

0.46 

0.08 

0.63 

0.06 

5 

-7.14 

73.55 

0.30 

13.35 

0.12 

3.15 

0.12 

3.88 

0.07 

1.85 

0.09 

3.07 

0.21 

0.45 

0.08 

0.69 

0.06 

6 

-6.98 

73.79 

0.30 

13.41 

0.12 

3.00 

0.11 

3.93 

0.07 

1.88 

0.09 

2.86 

0.19 

0.42 

0.07 

0.70 

0.06 

7 

-6.81 

73.76 

0.30 

13.52 

0.12 

3.00 

0.11 

3.93 

0.07 

1.81 

0.09 

2.88 

0.20 

0.36 

0.06 

0.74 

0.07 

8 

-6.65 

73.88 

0.30 

13.46 

0.12 

3.04 

0.11 

3.86 

0.07 

1.86 

0.09 

2.89 

0.20 

0.37 

0.07 

0.62 

0.06 

9 

-6.48 

73.60 

0.30 

13.44 

0.12 

3.10 

0.11 

3.87 

0.07 

1.81 

0.09 

3.00 

0.20 

0.52 

0.09 

0.66 

0.06 

10 

-6.31 

73.80 

0.30 

13.43 

0.12 

3.04 

0.11 

3.86 

0.07 

1.80 

0.09 

2.91 

0.20 

0.49 

0.09 

0.66 

0.06 

11 

-6.15 

73.72 

0.30 

13.40 

0.12 

3.09 

0.11 

3.92 

0.07 

1.71 

0.08 

3.00 

0.20 

0.48 

0.08 

0.68 

0.06 

12 

-5.98 

73.93 

0.30 

13.38 

0.12 

3.11 

0.11 

3.95 

0.07 

1.74 

0.09 

2.82 

0.19 

0.46 

0.08 

0.60 

0.05 

13 

-5.81 

73.75 

0.30 

13.52 

0.12 

3.08 

0.11 

3.87 

0.07 

1.79 

0.09 

2.88 

0.20 

0.49 

0.08 

0.62 

0.05 

14 

-5.65 

73.98 

0.30 

13.38 

0.12 

3.08 

0.11 

3.87 

0.07 

1.83 

0.09 

2.74 

0.19 

0.53 

0.09 

0.60 

0.05 

15 

-5.48 

73.72 

0.30 

13.32 

0.12 

3.14 

0.12 

3.92 

0.07 

1.83 

0.09 

2.97 

0.20 

0.51 

0.09 

0.60 

0.05 

16 

-5.32 

73.87 

0.30 

13.48 

0.12 

2.98 

0.11 

3.93 

0.07 

1.81 

0.09 

2.82 

0.19 

0.45 

0.08 

0.65 

0.06 

17 

-5.15 

73.80 

0.30 

13.56 

0.12 

3.01 

0.11 

3.95 

0.07 

1.75 

0.09 

2.83 

0.19 

0.45 

0.08 

0.65 

0.06 

18 

-4.98 

73.92 

0.30 

13.38 

0.12 

3.06 

0.11 

4.00 

0.08 

1.78 

0.09 

2.77 

0.19 

0.43 

0.07 

0.66 

0.06 

19 

-4.82 

73.77 

0.30 

13.47 

0.12 

2.99 

0.11 

4.01 

0.08 

1.84 

0.09 

2.85 

0.19 

0.41 

0.07 

0.66 

0.06 

20 

-4.65 

73.47 

0.30 

13.72 

0.12 

2.98 

0.11 

4.00 

0.07 

1.96 

0.10 

2.86 

0.19 

0.37 

0.06 

0.63 

0.06 

21 

-4.49 

73.45 

0.30 

13.64 

0.12 

3.06 

0.11 

4.08 

0.08 

1.92 

0.09 

2.92 

0.20 

0.37 

0.06 

0.56 

0.05 

22 

-4.32 

73.53 

0.30 

13.71 

0.12 

3.20 

0.12 

3.97 

0.07 

1.82 

0.09 

2.73 

0.18 

0.40 

0.07 

0.64 

0.06 

23 

-4.15 

73.70 

0.30 

13.65 

0.12 

3.07 

0.11 

4.01 

0.08 

1.81 

0.09 

2.69 

0.18 

0.43 

0.08 

0.65 

0.06 

24 

-3.99 

73.36 

0.30 

13.81 

0.13 

3.03 

0.11 

4.12 

0.08 

1.89 

0.09 

2.64 

0.18 

0.48 

0.08 

0.67 

0.06 

25 

-3.82 

73.35 

0.30 

13.76 

0.12 

3.15 

0.12 

4.07 

0.08 

1.89 

0.09 

2.71 

0.18 

0.46 

0.08 

0.62 

0.05 

26 

-3.66 

73.39 

0.30 

13.69 

0.12 

3.12 

0.11 

4.00 

0.07 

1.82 

0.09 

2.83 

0.19 

0.49 

0.09 

0.66 

0.06 

27 

-3.49 

73.43 

0.30 

13.77 

0.12 

3.11 

0.11 

3.91 

0.07 

1.86 

0.09 

2.92 

0.20 

0.42 

0.07 

0.58 

0.05 

28 

-3.32 

73.63 

0.30 

13.73 

0.12 

3.09 

0.11 

3.93 

0.07 

1.77 

0.09 

2.82 

0.19 

0.46 

0.08 

0.57 

0.05 

29 

-3.16 

73.62 

0.30 

13.63 

0.12 

3.07 

0.11 

4.07 

0.08 

1.82 

0.09 

2.64 

0.18 

0.45 

0.08 

0.70 

0.06 

30 

-2.99 

73.66 

0.30 

13.59 

0.12 

3.08 

0.11 

4.06 

0.08 

1.76 

0.09 

2.77 

0.19 

0.44 

0.08 

0.65 

0.06 

31 

-2.82 

73.68 

0.30 

13.77 

0.12 

3.03 

0.11 

4.00 

0.08 

1.70 

0.08 

2.76 

0.19 

0.43 

0.07 

0.63 

0.06 

32 

-2.66 

73.35 

0.30 

13.82 

0.13 

3.05 

0.11 

4.02 

0.08 

1.82 

0.09 

2.83 

0.19 

0.43 

0.07 

0.68 

0.06 

33 

-2.49 

73.45 

0.30 

13.65 

0.12 

3.10 

0.11 

4.06 

0.08 

1.79 

0.09 

2.77 

0.19 

0.49 

0.08 

0.68 

0.06 

34 

-2.33 

73.81 

0.30 

13.49 

0.12 

3.01 

0.11 

4.00 

0.07 

1.69 

0.08 

2.86 

0.19 

0.49 

0.08 

0.65 

0.06 

35 

-2.16 

73.59 

0.30 

13.53 

0.12 

2.97 

0.11 

4.05 

0.08 

1.86 

0.09 

2.92 

0.20 

0.40 

0.07 

0.67 

0.06 

36 

-1.99 

73.72 

0.30 

13.33 

0.12 

3.01 

0.11 

4.04 

0.08 

1.75 

0.09 

3.00 

0.20 

0.44 

0.08 

0.71 

0.06 

37 

-1.83 

73.98 

0.30 

13.36 

0.12 

3.01 

0.11 

4.04 

0.08 

1.60 

0.08 

2.94 

0.20 

0.43 

0.08 

0.63 

0.06 

38 

-1.66 

74.27 

0.30 

13.34 

0.12 

2.85 

0.10 

3.92 

0.07 

1.65 

0.08 

2.86 

0.19 

0.41 

0.07 

0.69 

0.06 

39 

-1.50 

74.59 

0.30 

13.13 

0.12 

2.81 

0.10 

3.99 

0.07 

1.67 

0.08 

2.72 

0.18 

0.45 

0.08 

0.64 

0.06 

40 

-1.33 

74.72 

0.30 

13.00 

0.12 

2.89 

0.11 

3.99 

0.07 

1.59 

0.08 

2.77 

0.19 

0.43 

0.07 

0.62 

0.05 

41 

-1.16 

74.70 

0.30 

12.85 

0.12 

2.89 

0.11 

4.07 

0.08 

1.64 

0.08 

2.82 

0.19 

0.43 

0.07 

0.60 

0.05 

42 

-1.00 

75.00 

0.30 

12.79 

0.12 

2.77 

0.10 

3.99 

0.07 

1.66 

0.08 

2.71 

0.18 

0.44 

0.08 

0.64 

0.06 

43 

-0.83 

74.75 

0.30 

12.69 

0.12 

2.86 

0.11 

4.07 

0.08 

1.68 

0.08 

2.79 

0.19 

0.50 

0.09 

0.65 

0.06 

44 

-0.66 

75.14 

0.30 

12.67 

0.11 

2.79 

0.10 

3.99 

0.07 

1.67 

0.08 

2.64 

0.18 

0.52 

0.09 

0.58 

0.05 

45 

-0.50 

75.01 

0.30 

12.71 

0.12 

2.82 

0.10 

3.94 

0.07 

1.63 

0.08 

2.82 

0.19 

0.48 

0.08 

0.60 

0.05 

46 

-0.33 

75.05 

0.30 

12.53 

0.11 

2.78 

0.10 

3.99 

0.07 

1.71 

0.08 

2.84 

0.19 

0.50 

0.09 

0.60 

0.05 

47 

-0.17 

75.19 

0.30 

12.42 

0.11 

2.76 

0.10 

4.08 

0.08 

1.76 

0.09 

2.69 

0.18 

0.46 

0.08 

0.63 

0.06 

48 

0.00 

75.43 

0.30 

12.34 

0.11 

2.91 

0.11 

4.04 

0.08 

1.67 

0.08 

2.61 

0.18 

0.46 

0.08 

0.53 

0.05 

49 

0.17 

75.42 

0.30 

12.45 

0.11 

2.67 

0.10 

3.99 

0.07 

1.60 

0.08 

2.79 

0.19 

0.52 

0.09 

0.57 

0.05 

50 

0.33 

75.24 

0.30 

12.39 

0.11 

2.69 

0.10 

4.04 

0.08 

1.77 

0.09 

2.74 

0.19 

0.45 

0.08 

0.68 

0.06 
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52 

53 

54 

55 

56 

57 

58 

59 


62 


67 


70 

71 

72 

73 

74 

75 

76 

77 

78 

79 


82 


85 

87 


0.66 75.16 0.30 

0.83 74.70 0.30 
1.00 74.57 0.30 

1.16 74.42 0.30 

1.33 74.60 0.30 
1.50 74.39 0.30 

1.66 74.53 0.30 
1.83 74.48 0.30 

1.99 74.18 0.30 

2.16 73.97 0.30 

2.33 73.96 0.30 

2.49 73.74 0.30 

2.66 73.92 0.30 

2.82 73.79 0.30 

2.99 73.82 0.30 

3.16 74.03 0.30 

3.32 74.34 0.30 

3.49 73.85 0.30 

3.65 73.47 0.30 

3.82 73.82 0.30 

3.99 73.84 0.30 

4.15 73.76 0.30 

4.32 73.45 0.30 

4.49 73.46 0.30 

4.65 73.83 0.30 

4.82 73.46 0.30 

4.98 73.35 0.30 

5.15 73.46 0.30 

5.32 73.32 0.30 

5.48 73.24 0.30 

5.65 73.69 0.30 

5.81 73.55 0.30 

5.98 73.48 0.30 

6.15 73.57 0.30 
6.31 73.55 0.30 

6.48 73.53 0.30 

6.65 73.52 0.30 

6.81 73.26 0.30 


12.45 0.11 

12.54 0.11 
12.67 0.11 

12.73 0.12 
12.70 0.12 
12.65 0.11 
12.67 0.11 

12.84 0.12 

12.74 0.12 
12.86 0.12 

12.95 0.12 
13.01 0.12 
12.99 0.12 
13.04 0.12 
12.98 0.12 
13.03 0.12 

12.93 0.12 

13.11 0.12 
13.03 0.12 
13.02 0.12 
13.05 0.12 
13.02 0.12 
13.02 0.12 
13.13 0.12 
13.07 0.12 
13.13 0.12 
13.02 0.12 
13.23 0.12 
13.28 0.12 

13.18 0.12 
13.08 0.12 

13.12 0.12 
13.20 0.12 

13.11 0.12 

13.15 0.12 

13.13 0.12 

13.12 0.12 
13.00 0.12 


2.82 0.10 

2.77 0.10 

2.84 0.10 

2.87 0.11 

2.78 0.10 

2.91 0.11 

2.84 0.10 
2.80 0.10 

2.90 0.11 

2.94 0.11 

2.95 0.11 

2.94 0.11 

2.82 0.10 

2.90 0.11 
2.77 0.10 

2.88 0.11 

2.83 0.10 

2.79 0.10 

2.87 0.11 

2.94 0.11 

2.84 0.10 
2.81 0.10 

2.92 0.11 

2.84 0.10 

2.87 0.11 
3.00 0.11 

2.96 0.11 
3.00 0.11 

2.93 0.11 

2.96 0.11 

2.92 0.11 

2.85 0.10 

2.89 0.11 

2.80 0.10 

2.97 0.11 

2.89 0.11 

2.86 0.10 

2.92 0.11 


4.01 0.08 

4.01 0.08 

3.95 0.07 
4.06 0.08 
4.00 0.07 
4.02 0.08 

3.98 0.07 

3.95 0.07 
4.03 0.08 
4.08 0.08 

3.94 0.07 
4.11 0.08 
4.05 0.08 
4.07 0.08 
4.06 0.08 
4.00 0.08 
4.03 0.08 
4.06 0.08 

4.15 0.08 
4.02 0.08 

3.98 0.07 

4.16 0.08 

4.15 0.08 

4.14 0.08 
4.04 0.08 

4.14 0.08 

4.14 0.08 
4.07 0.08 
4.04 0.08 

4.17 0.08 

4.15 0.08 
4.09 0.08 

4.11 0.08 

4.15 0.08 

4.16 0.08 
4.03 0.08 

4.12 0.08 
4.26 0.08 


1.73 0.08 

1.83 0.09 

1.87 0.09 

1.85 0.09 

1.91 0.09 

1.92 0.09 
2.02 0.10 
2.04 0.10 
2.05 0.10 
2.08 0.10 

2.12 0.10 
2.09 0.10 

1.95 0.10 

1.93 0.09 

2.14 0.10 
2.05 0.10 
2.05 0.10 
2.20 0.11 

2.18 0.11 

2.17 0.11 

2.17 0.11 

2.12 0.10 
2.23 0.11 
2.25 0.11 
2.04 0.10 
2.07 0.10 

2.19 0.11 

2.17 0.11 
2.12 0.10 
2.21 0.11 

2.15 0.11 

2.13 0.10 

2.20 0.11 

2.18 0.11 

2.13 0.10 

2.16 0.11 

2.13 0.10 
2.30 0.11 


2.72 0.18 

2.93 0.20 

2.89 0.20 

2.98 0.20 

2.91 0.20 

2.93 0.20 

2.81 0.19 

2.72 0.18 

2.94 0.20 

2.99 0.20 
3.01 0.20 

2.97 0.20 
3.09 0.21 

2.99 0.20 

2.99 0.20 

2.83 0.19 

2.73 0.19 

2.74 0.19 
3.09 0.21 

2.86 0.19 
2.93 0.20 
3.07 0.21 
3.06 0.21 

2.95 0.20 
3.02 0.20 
3.10 0.21 

3.18 0.22 
2.93 0.20 

3.15 0.21 

3.19 0.22 
2.85 0.19 

3.13 0.21 

2.98 0.20 
3.00 0.20 

2.96 0.20 
3.03 0.21 
3.09 0.21 
3.07 0.21 


0.49 0.09 

0.59 0.10 
0.57 0.10 
0.49 0.08 
0.50 0.09 
0.51 0.09 
0.50 0.09 
0.48 0.08 
0.44 0.08 
0.42 0.07 
0.45 0.08 
0.44 0.08 
0.47 0.08 
0.60 0.10 
0.51 0.09 
0.53 0.09 
0.47 0.08 
0.55 0.10 
0.55 0.10 
0.51 0.09 
0.52 0.09 
0.45 0.08 
0.48 0.08 
0.57 0.10 
0.50 0.09 
0.49 0.08 
0.55 0.10 
0.46 0.08 
0.53 0.09 
0.48 0.08 
0.45 0.08 
0.49 0.08 
0.48 0.08 
0.50 0.09 
0.46 0.08 
0.56 0.10 
0.53 0.09 
0.53 0.09 


0.61 0.05 

0.64 0.06 
0.64 0.06 
0.60 0.05 
0.61 0.05 
0.68 0.06 
0.66 0.06 
0.69 0.06 
0.71 0.06 
0.65 0.06 
0.62 0.05 
0.69 0.06 
0.70 0.06 
0.67 0.06 
0.73 0.06 
0.64 0.06 
0.62 0.05 
0.69 0.06 
0.65 0.06 
0.67 0.06 
0.66 0.06 
0.61 0.05 
0.68 0.06 
0.66 0.06 
0.63 0.06 
0.61 0.05 
0.61 0.05 
0.68 0.06 
0.64 0.06 
0.58 0.05 
0.71 0.06 
0.65 0.06 
0.64 0.06 
0.68 0.06 
0.61 0.05 
0.67 0.06 
0.63 0.06 
0.66 0.06 
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Agglomerate FLD23.4.2 


Table J.21: Major element compositions (as wt.% oxides) from a line traverse across the interface of sur¬ 
face agglomerate FLD23.4.2 (from agglomerate FLD23.4.2 to host FLD23) extracted from quantified EDS 
compositional maps. The EDS compositional maps were collected at a resolution of 6.0 pixels///m. The 
smoothing width for this traverse was 75 pixels (12.5 /im) wide. This is an Si interface and has been cen¬ 
tered at x = 0 based on the SiC>2 maximum. Peak points within 2cr of the SiC>2 maximum are 
in yellowj. Uncertainties are 2SEOM. 


Position 

Pt. ( fj . ni ) Si02 2 ct AI2O3 

1 -10.47 72.49 0.29 1089“ 

2 -10.30 72.37 0.29 13.84 

3 -10.13 72.65 0.29 13.75 

4 -9.97 72.69 0.29 13.82 

5 -9.80 72.27 0.29 13.82 

6 -9.64 72.23 0.29 14.02 

7 -9.47 72.51 0.29 13.95 

8 -9.30 72.54 0.29 13.91 

9 -9.14 72.95 0.29 13.84 

10 -8.97 72.74 0.29 13.84 

11 -8.81 73.02 0.30 13.64 

12 -8.64 73.05 0.30 13.64 

13 -8.47 73.52 0.30 13.59 

14 -8.31 73.74 0.30 13.37 

15 -8.14 73.65 0.30 13.31 

16 -7.97 73.69 0.30 13.23 

17 -7.81 73.69 0.30 13.18 

18 -7.64 73.90 0.30 13.20 

19 -7.48 74.06 0.30 13.21 

20 -7.31 74.01 0.30 13.07 

21 -7.14 73.87 0.30 12.96 

22 -6.98 73.66 0.30 13.02 

23 -6.81 73.66 0.30 13.21 

24 -6.65 73.80 0.30 13.15 

25 -6.48 73.78 0.30 13.02 

26 -6.31 73.91 0.30 12.96 

27 -6.15 73.80 0.30 13.06 

28 -5.98 73.60 0.30 13.11 

29 -5.81 73.22 0.30 13.07 

30 -5.65 73.15 0.30 13.07 

31 -5.48 73.42 0.30 12.96 

32 -5.32 73.50 0.30 12.86 

33 -5.15 73.50 0.30 12.88 

34 -4.98 73.66 0.30 12.69 

35 -4.82 73.84 0.30 12.72 

36 -4.65 73.87 0.30 12.79 

37 -4.49 73.92 0.30 12.63 

38 -4.32 73.83 0.30 12.69 

39 -4.15 73.83 0.30 12.68 

40 -3.99 73.81 0.30 12.66 

41 -3.82 73.51 0.30 12.97 

42 -3.66 73.38 0.30 13.03 

43 -3.49 73.57 0.30 12.93 

44 -3.32 73.49 0.30 12.95 

45 -3.16 73.14 0.30 13.05 

46 -2.99 73.45 0.30 13.00 

47 -2.82 73.46 0.30 12.96 

48 -2.66 73.56 0.30 12.93 

49 -2.49 73.53 0.30 12.91 

50 -2.33 73.83 0.30 12.76 


2(7 

“013“ 

0.13 

0.12 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.11 

0.12 

0.12 

0.11 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 


Na 2 Q 

3.06 


3.02 

3.06 

3.13 

3.10 

3.10 

3.08 

3.02 

3.05 

3.07 

3.07 


3.07 

2.98 

3.01 

3.16 

3.03 

3.10 

3.18 

3.18 

3.16 

3.09 

3.08 

3.08 


3.12 

3.13 
3.09 
3.03 
3.12 
3.15 
3.02 
3.10 
3.03 
3.08 

3.10 
3.04 
3.01 
3.00 
3.15 
3.12 
3.08 
3.02 

3.11 
3.07 
2.98 
2.95 


2(7 

"oIT 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.12 

0.11 

0.11 

0.12 

0.12 

0.12 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.12 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.12 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 


K 2 Q 2(7 

4.27 0.08 

4.32 0.08 
4.34 0.08 

4.16 0.08 

4.19 0.08 

4.25 0.08 

4.26 0.08 

4.28 0.08 
4.23 0.08 

4.33 0.08 

4.27 0.08 

4.32 0.08 
4.31 0.08 

4.21 0.08 

4.25 0.08 

4.29 0.08 

4.23 0.08 

4.20 0.08 

4.26 0.08 

4.29 0.08 

4.17 0.08 

4.27 0.08 
4.20 0.08 
4.20 0.08 
4.27 0.08 
4.31 0.08 

4.33 0.08 

4.30 0.08 
4.25 0.08 
4.15 0.08 
4.09 0.08 

4.24 0.08 

4.25 0.08 

4.13 0.08 
4.11 0.08 
4.07 0.08 
4.04 0.08 
4.09 0.08 

4.14 0.08 
4.10 0.08 

4.13 0.08 

4.18 0.08 

4.22 0.08 

4.14 0.08 

4.14 0.08 
4.13 0.08 

4.13 0.08 

4.15 0.08 

4.14 0.08 

4.23 0.08 


CaO 2(7 

1.67 0.08 
1.84 0.09 

1.70 0.08 

1.69 0.08 

1.73 0.09 
1.78 0.09 
1.80 0.09 
1.84 0.09 

1.71 0.08 

1.72 0.08 

1.74 0.09 
1.80 0.09 
1.66 0.08 

1.68 0.08 
1.66 0.08 
1.77 0.09 
1.84 0.09 

1.70 0.08 

1.76 0.09 

1.77 0.09 
1.92 0.09 
1.83 0.09 
2.01 0.10 
1.95 0.10 
1.98 0.10 
2.03 0.10 
2.22 0.11 
2.28 0.11 
2.29 0.11 
2.38 0.12 
2.38 0.12 
2.47 0.12 
2.44 0.12 
2.38 0.12 
2.43 0.12 
2.31 0.11 

2.42 0.12 
2.50 0.12 

2.43 0.12 
2.40 0.12 
2.55 0.13 

2.66 0.13 

2.53 0.12 

2.67 0.13 
2.66 0.13 
2.59 0.13 
2.66 0.13 

2.54 0.12 

2.46 0.12 

2.47 0.12 


FeO 2(7 Ti0 2 

3.40 0.23 05 T 

3.31 0.22 0.56 

3.29 0.22 0.54 

3.40 0.23 0.50 

3.66 0.25 0.50 

3.40 0.23 0.59 

3.25 0.22 0.47 

3.17 0.21 0.47 

3.15 0.21 0.46 

3.25 0.22 0.45 

3.07 0.21 0.52 

3.08 0.21 0.43 

2.85 0.19 0.48 

2.99 0.20 0.39 

2.98 0.20 0.43 

3.01 0.20 0.44 

2.98 0.20 0.54 

2.79 0.19 0.45 

2.66 0.18 0.46 

2.72 0.18 0.46 

2.88 0.20 0.46 

3.04 0.21 0.41 

2.76 0.19 0.46 

2.77 0.19 0.45 

2.95 0.20 0.38 

2.82 0.19 0.34 

2.60 0.18 0.35 

2.67 0.18 0.41 

3.09 0.21 0.37 

3.04 0.21 0.48 

3.00 0.20 0.48 

2.86 0.19 0.43 

2.82 0.19 0.43 

2.92 0.20 0.46 

2.74 0.19 0.52 

2.82 0.19 0.42 

2.87 0.19 0.46 

2.75 0.19 0.47 

2.78 0.19 0.41 

2.92 0.20 0.41 

2.68 0.18 0.49 

2.67 0.18 0.42 

2.52 0.17 0.42 

2.67 0.18 0.32 

2.89 0.20 0.39 

2.79 0.19 0.43 

2.70 0.18 0.40 

2.73 0.19 0.38 

2.88 0.20 0.47 

2.69 0.18 0.41 


2(7 

“009“ 

0.10 

0.09 

0.09 

0.09 

0.10 


0.09 


0.07 

0.07 


0.07 


0.07 

0.06 

0.06 

0.07 


0.07 


0.07 

0.07 

0.09 

0.07 

0.07 

0.06 

0.07 

0.07 

0.07 

0.07 

0.08 

0.07 


MgO 2a 
0.71 0.06 
0.66 0.06 
0.70 0.06 
0.68 0.06 
0.69 0.06 
0.63 0.06 
0.67 0.06 
0.70 0.06 
0.64 0.06 
0.62 0.05 
0.66 0.06 
0.60 0.05 
0.56 0.05 
0.62 0.05 
0.65 0.06 
0.58 0.05 
0.52 0.05 
0.60 0.05 
0.55 0.05 
0.58 0.05 
0.56 0.05 
0.59 0.05 
0.54 0.05 
0.59 0.05 
0.54 0.05 
0.55 0.05 
0.60 0.05 
0.57 0.05 
0.59 0.05 
0.61 0.05 
0.59 0.05 
0.60 0.05 
0.57 0.05 
0.62 0.05 
0.63 0.06 
0.63 0.06 
0.63 0.06 
0.60 0.05 
0.63 0.06 
0.66 0.06 
0.65 0.06 
0.65 0.06 
0.66 0.06 
0.64 0.06 
0.65 0.06 
0.59 0.05 
0.59 0.05 
0.64 0.06 
0.62 0.05 
0.66 0.06 
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51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 


-2.16 74.08 0.30 
-1.99 74.00 0.30 
-1.83 74.17 0.30 
-1.66 74.17 0.30 
-1.50 74.26 0.30 
-1.33 74.11 0.30 
-1.16 74.59 0.30 
-1.00 74.99 0.30 
-0.83 75.37 0.30 
-0.66 75.34 0.30 
-0.50 75.67 0.31 


12.75 0.12 
12.67 0.11 
12.61 0.11 
12.63 0.11 
12.65 0.11 
12.59 0.11 
12.35 0.11 
12.20 0.11 
12.14 0.11 
11.95 0.11 
11.86 0.11 


3.00 0.11 
2.96 0.11 
2.89 0.11 
2.91 0.11 
2.86 0.10 

2.79 0.10 
2.76 0.10 

2.80 0.10 
2.75 0.10 
2.79 0.10 
2.65 0.10 


4.15 0.08 

4.20 0.08 
4.18 0.08 

4.18 0.08 

4.19 0.08 
4.15 0.08 

4.21 0.08 
4.19 0.08 
4.17 0.08 
4.14 0.08 
4.13 0.08 


2.23 0.11 

2.25 0.11 

2.26 0.11 
2.22 0.11 
2.15 0.11 
2.09 0.10 
1.97 0.10 
2.02 0.10 
1.96 0.10 
1.93 0.09 
1.84 0.09 


2.77 0.19 

2.91 0.20 

2.92 0.20 

2.90 0.20 
2.83 0.19 
3.12 0.21 
3.04 0.21 
2.86 0.19 
2.63 0.18 

2.91 0.20 

2.92 0.20 


0.40 0.07 
0.44 0.08 
0.40 0.07 
0.40 0.07 
0.45 0.08 
0.49 0.08 
0.45 0.08 
0.34 0.06 
0.41 0.07 
0.34 0.06 
0.42 0.07 


0.62 0.05 
0.57 0.05 
0.58 0.05 
0.59 0.05 
0.60 0.05 
0.66 0.06 
0.64 0.06 
0.60 0.05 
0.58 0.05 
0.59 0.05 
0.51 0.04 


-0.17 76.03 0.31 
0.00 76.13 0.31 
0.17 76.03 0.31 
0.33 76.09 0.31 
0.50 75.83 0.31 


11.64 0.11 
11.58 0.10 
11.46 0.10 
11.68 0.11 
11.74 0.11 


2.63 0.10 4.19 0.08 


1.71 0.08 2.97 0.20 
1.64 0.08 2.81 0.19 
1.66 0.08 3.04 0.21 
1.60 0.08 3.00 0.20 
1.79 0.09 2.78 0.19 


0.37 0.06 
0.43 0.07 
0.42 0.07 
0.39 0.07 
0.47 0.08 


0.61 0.05 
0.61 0.05 
0.56 0.05 
0.52 0.05 
0.57 0.05 


68 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 


82 

83 

84 

85 

86 
87 


91 

92 


95 

96 

97 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 


0.66 75.78 0.31 
0.83 75.53 0.31 
1.00 75.31 0.30 

1.16 74.92 0.30 

1.33 74.86 0.30 
1.50 74.58 0.30 

1.66 74.72 0.30 
1.83 74.81 0.30 

1.99 74.69 0.30 

2.16 74.50 0.30 

2.33 74.28 0.30 

2.49 74.43 0.30 

2.66 74.57 0.30 

2.82 74.30 0.30 

2.99 74.38 0.30 

3.16 74.29 0.30 

3.32 74.21 0.30 

3.49 74.30 0.30 

3.66 74.21 0.30 

3.82 74.29 0.30 

3.99 74.44 0.30 

4.15 74.24 0.30 

4.32 74.24 0.30 

4.49 74.13 0.30 

4.65 74.19 0.30 

4.82 74.17 0.30 

4.98 74.25 0.30 

5.15 74.26 0.30 

5.32 74.34 0.30 

5.48 74.34 0.30 

5.65 74.11 0.30 

5.81 74.19 0.30 

5.98 74.18 0.30 

6.15 74.12 0.30 

6.31 74.13 0.30 

6.48 74.12 0.30 

6.65 74.03 0.30 

6.81 73.67 0.30 

6.98 74.00 0.30 
7.14 73.89 0.30 

7.31 73.84 0.30 

7.48 73.76 0.30 
7.64 73.80 0.30 

7.81 73.82 0.30 

7.97 73.99 0.30 


11.87 0.11 
12.00 0.11 
12.16 0.11 
12.37 0.11 
12.35 0.11 
12.34 0.11 
12.42 0.11 

12.46 0.11 
12.56 0.11 
12.64 0.11 
12.54 0.11 

12.47 0.11 

12.69 0.12 
12.72 0.12 
12.71 0.12 
12.63 0.11 
12.82 0.12 

12.70 0.12 
12.82 0.12 

12.79 0.12 

12.83 0.12 

12.92 0.12 

12.94 0.12 

12.84 0.12 
12.78 0.12 

12.80 0.12 
12.81 0.12 
12.84 0.12 

12.87 0.12 
12.91 0.12 
12.96 0.12 
12.68 0.12 
12.96 0.12 
12.96 0.12 
12.89 0.12 

12.95 0.12 

12.93 0.12 
13.00 0.12 

12.96 0.12 
13.07 0.12 
13.00 0.12 
13.03 0.12 
13.09 0.12 
13.13 0.12 
13.12 0.12 


2.65 0.10 

2.71 0.10 

2.69 0.10 

2.70 0.10 
2.68 0.10 
2.84 0.10 

2.78 0.10 

2.79 0.10 

2.75 0.10 

2.76 0.10 
2.87 0.11 
2.94 0.11 
2.82 0.10 

2.79 0.10 
2.82 0.10 
2.82 0.10 

2.72 0.10 

2.71 0.10 
2.76 0.10 
2.81 0.10 

2.83 0.10 

2.84 0.10 

2.80 0.10 

2.83 0.10 
2.89 0.11 

2.84 0.10 

2.79 0.10 
2.82 0.10 

2.80 0.10 
2.76 0.10 

2.71 0.10 

2.85 0.10 
2.74 0.10 

2.72 0.10 
2.76 0.10 
2.83 0.10 

2.86 0.10 
2.89 0.11 
2.81 0.10 
2.80 0.10 

2.87 0.11 

2.88 0.11 
2.96 0.11 
2.99 0.11 
2.79 0.10 


4.24 0.08 
4.12 0.08 
4.12 0.08 
4.18 0.08 

4.18 0.08 

4.24 0.08 

4.20 0.08 
4.14 0.08 
4.12 0.08 

4.14 0.08 
4.22 0.08 

4.15 0.08 

4.12 0.08 

4.19 0.08 
4.19 0.08 

4.21 0.08 

4.19 0.08 
4.26 0.08 

4.21 0.08 

4.22 0.08 
4.14 0.08 

4.13 0.08 
4.09 0.08 
4.13 0.08 

4.13 0.08 

4.14 0.08 
4.17 0.08 

4.20 0.08 
4.10 0.08 
4.19 0.08 
4.19 0.08 

4.17 0.08 

4.16 0.08 

4.18 0.08 

4.25 0.08 
4.24 0.08 

4.19 0.08 
4.28 0.08 

4.16 0.08 

4.17 0.08 
4.16 0.08 
4.14 0.08 

4.23 0.08 

4.19 0.08 

4.20 0.08 


1.81 0.09 
1.76 0.09 
1.75 0.09 

1.86 0.09 
1.75 0.09 

1.82 0.09 
1.90 0.09 
1.92 0.09 

1.89 0.09 

1.87 0.09 

1.90 0.09 
1.87 0.09 
1.87 0.09 
1.99 0.10 



2.01 0.10 

1.91 0.09 
1.88 0.09 

1.86 0.09 

1.80 0.09 

1.81 0.09 
1.84 0.09 
1.96 0.10 

1.87 0.09 

1.88 0.09 
1.80 0.09 
1.90 0.09 

1.92 0.09 
2.00 0.10 

1.93 0.09 

1.88 0.09 
1.90 0.09 
1.90 0.09 

1.90 0.09 
1.93 0.09 
2.06 0.10 
1.98 0.10 

1.91 0.09 
1.98 0.10 

1.89 0.09 

1.92 0.09 
1.86 0.09 

1.90 0.09 
2.00 0.10 


2.64 0.18 

2.86 0.19 
2.97 0.20 

2.87 0.19 
3.13 0.21 
3.13 0.21 
3.00 0.20 
2.90 0.20 
3.02 0.20 
3.06 0.21 

3.10 0.21 
2.99 0.20 
2.94 0.20 
3.01 0.20 
3.01 0.20 
3.04 0.21 

2.97 0.20 
3.06 0.21 
2.94 0.20 
3.06 0.21 

2.88 0.20 
2.96 0.20 

2.98 0.20 
3.04 0.21 

3.12 0.21 

3.13 0.21 
3.07 0.21 
2.92 0.20 
2.94 0.20 
2.75 0.19 

2.89 0.20 

3.15 0.21 

3.11 0.21 

2.99 0.20 
2.96 0.20 

2.86 0.19 

2.90 0.20 
3.10 0.21 
2.99 0.20 
3.01 0.20 

3.16 0.21 
3.10 0.21 

2.87 0.19 
2.98 0.20 
2.83 0.19 


0.46 0.08 
0.40 0.07 
0.39 0.07 
0.46 0.08 
0.42 0.07 
0.49 0.09 
0.39 0.07 
0.38 0.07 
0.39 0.07 
0.38 0.07 
0.44 0.08 
0.49 0.08 
0.44 0.08 
0.40 0.07 
0.43 0.07 
0.50 0.09 
0.46 0.08 
0.45 0.08 
0.51 0.09 
0.35 0.06 
0.49 0.09 
0.51 0.09 
0.43 0.08 
0.46 0.08 
0.38 0.07 
0.41 0.07 
0.50 0.09 
0.47 0.08 
0.42 0.07 
0.42 0.07 
0.55 0.10 
0.45 0.08 
0.38 0.07 
0.53 0.09 
0.49 0.09 
0.49 0.09 
0.47 0.08 
0.45 0.08 
0.54 0.09 
0.45 0.08 
0.43 0.07 
0.49 0.08 
0.53 0.09 
0.40 0.07 
0.44 0.08 


0.54 0.05 
0.61 0.05 
0.60 0.05 
0.63 0.06 
0.62 0.05 
0.55 0.05 
0.59 0.05 
0.60 0.05 
0.59 0.05 
0.65 0.06 
0.64 0.06 
0.67 0.06 
0.55 0.05 
0.60 0.05 
0.57 0.05 
0.64 0.06 
0.62 0.05 
0.62 0.05 
0.66 0.06 
0.61 0.05 
0.58 0.05 
0.59 0.05 
0.67 0.06 
0.63 0.06 
0.64 0.06 
0.62 0.05 
0.62 0.05 
0.60 0.05 
0.61 0.05 
0.64 0.06 
0.66 0.06 
0.62 0.05 
0.56 0.05 
0.58 0.05 
0.62 0.06 
0.57 0.05 
0.56 0.05 
0.62 0.05 
0.62 0.05 
0.64 0.06 
0.65 0.06 
0.69 0.06 
0.66 0.06 
0.59 0.05 
0.63 0.06 
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113 8.14 73.88 0.30 13.14 0.12 2.82 0.10 4.18 0.08 1.94 0.10 3.07 0.21 0.43 0.08 0.54 0.05 

114 -10.47 73.86 0.30 13.22 0.12 3.05 0.11 3.77 0.07 1.81 0.09 3.17 0.21 0.45 0.08 0.67 0.06 
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Agglomerate FLD23.5.1 


Table J.22: Major element compositions (as wt.% oxides) from a line traverse across the interface of sur¬ 
face agglomerate FLD23.5.1 (from agglomerate FLD23.5.1 to host FLD23) extracted from quantified EDS 
compositional maps. The EDS compositional maps were collected at a resolution of 6.0 pixels//iin. The 
smoothing width for this traverse was 100 pixels (16.6 /im) wide. This is an Si interface and has been 
centered at x = 0 based on the SiC>2 maximum. Peak points within 2er of the SiC>2 maximum are BPBMMjBI 
in yellcm|. Uncertainties are 2SEOM. 


Position 

Pt. ( fj . ni ) Si02 2 a AI2O3 

1 -9.97 74.50 0.25 IT 96" 

2 -9.80 74.63 0.25 13.00 

3 -9.64 74.39 0.25 12.89 

4 -9.47 74.35 0.25 12.88 

5 -9.30 74.44 0.25 12.95 

6 -9.14 74.36 0.25 12.96 

7 -8.97 74.38 0.25 12.90 

8 -8.81 74.66 0.25 12.84 

9 -8.64 74.57 0.25 12.94 

10 -8.47 74.43 0.25 12.85 

11 -8.31 74.51 0.25 12.78 

12 -8.14 74.57 0.25 12.89 

13 -7.97 74.71 0.25 12.80 

14 -7.81 74.63 0.25 12.80 

15 -7.64 74.46 0.25 12.83 

16 -7.48 74.35 0.25 12.90 

17 -7.31 74.41 0.25 13.00 

18 -7.14 74.68 0.25 12.88 

19 -6.98 74.65 0.25 12.83 

20 -6.81 74.60 0.25 12.85 

21 -6.65 74.65 0.25 12.92 

22 -6.48 74.67 0.25 12.88 

23 -6.31 74.35 0.25 12.90 

24 -6.15 74.45 0.25 12.95 

25 -5.98 74.40 0.25 12.99 

26 -5.81 74.54 0.25 12.81 

27 -5.65 74.38 0.25 12.98 

28 -5.48 74.52 0.25 12.96 

29 -5.32 74.43 0.25 12.89 

30 -5.15 74.69 0.25 13.00 

31 -4.98 74.54 0.25 12.95 

32 -4.82 74.65 0.25 13.06 

33 -4.65 74.51 0.25 13.06 

34 -4.49 74.12 0.25 12.97 

35 -4.32 74.26 0.25 13.05 

36 -4.15 74.41 0.25 13.02 

37 -3.99 74.34 0.25 12.97 

38 -3.82 74.33 0.25 13.01 

39 -3.66 74.51 0.25 13.17 

40 -3.49 74.31 0.25 13.23 

41 -3.32 74.29 0.25 13.25 

42 -3.16 74.20 0.25 13.21 

43 -2.99 74.29 0.25 13.20 

44 -2.82 74.38 0.25 13.21 

45 -2.66 74.02 0.25 13.37 

46 -2.49 74.14 0.25 13.32 

47 -2.33 74.19 0.25 13.22 

48 -2.16 74.06 0.25 13.25 

49 -1.99 74.18 0.25 13.28 

50 -1.83 74.19 0.25 13.21 


2a 

w 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.11 

0.11 

0.10 

0.11 

0.10 

0.10 

0.10 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 


Na 2 Q 

2.35 
2.34 

2.36 
2.34 

2.38 

2.39 
2.29 

2.37 
2.42 
2.34 

2.33 

2.38 
2.32 

2.34 

2.40 

2.35 

2.37 

2.38 

2.36 
2.27 

2.32 

2.33 

2.42 
2.36 

2.39 
2.38 

2.33 

2.34 

2.35 
2.33 
2.33 
2.33 

2.41 

2.40 

2.45 

2.36 

2.46 

2.43 

2.44 
2.46 


2.39 

2.42 

2.43 
2.55 
2.47 
2.35 
2.41 
2.47 


2 a 
"007" 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.08 

0.07 

0.07 

0.07 

0.07 

0.07 

0.08 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.08 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 


0.07 


0.07 


0.07 

0.08 

0.08 


K 2 Q 2a 

3.75 0.06 
3.79 0.07 
3.92 0.07 
3.86 0.07 

3.78 0.06 

3.79 0.07 
3.92 0.07 

3.80 0.07 

3.81 0.07 

3.76 0.06 
3.88 0.07 
3.83 0.07 
3.86 0.07 

3.80 0.07 

3.81 0.07 

3.88 0.07 

3.77 0.06 
3.79 0.07 
3.74 0.06 
3.81 0.07 
3.86 0.07 

3.85 0.07 
3.81 0.07 

3.86 0.07 

3.86 0.07 
3.83 0.07 

3.89 0.07 

3.92 0.07 

3.93 0.07 
3.97 0.07 
3.91 0.07 
3.91 0.07 

3.97 0.07 
4.01 0.07 

3.87 0.07 

3.90 0.07 

3.95 0.07 

3.98 0.07 
3.90 0.07 

3.96 0.07 
4.01 0.07 
4.02 0.07 

3.97 0.07 

3.99 0.07 

3.98 0.07 

3.94 0.07 
4.11 0.07 
4.10 0.07 
4.04 0.07 

3.95 0.07 


CaO 2 a 
2.57 0.11 
2.53 0.11 
2.61 0.11 

2.63 0.11 
2.57 0.11 

2.56 0.11 

2.65 0.11 

2.51 0.11 

2.53 0.11 

2.66 0.11 

2.64 0.11 

2.49 0.11 

2.50 0.11 
2.60 0.11 

2.57 0.11 
2.69 0.11 
2.66 0.11 

2.58 0.11 

2.58 0.11 
2.62 0.11 

2.57 0.11 

2.54 0.11 

2.63 0.11 
2.60 0.11 
2.56 0.11 

2.64 0.11 

2.59 0.11 

2.58 0.11 
2.63 0.11 

2.50 0.11 

2.52 0.11 

2.48 0.11 

2.51 0.11 
2.68 0.11 
2.63 0.11 
2.58 0.11 

2.54 0.11 

2.49 0.11 
2.43 0.10 

2.50 0.11 
2.46 0.10 

2.52 0.11 
2.43 0.10 
2.40 0.10 

2.43 0.10 
2.38 0.10 

2.53 0.11 

2.55 0.11 
2.52 0.11 

2.44 0.10 


FeO 2 a Ti0 2 

2.84 0.16 045" 

2.74 0.16 0.42 

2.86 0.16 0.39 

2.89 0.16 0.39 

2.86 0.16 0.41 

2.99 0.17 0.37 

2.92 0.17 0.42 

2.77 0.16 0.47 

2.72 0.15 0.45 

2.95 0.17 0.48 

2.87 0.16 0.41 

2.88 0.16 0.38 

2.85 0.16 0.44 

2.82 0.16 0.46 

2.90 0.16 0.47 

2.78 0.16 0.49 

2.81 0.16 0.44 

2.75 0.16 0.39 

2.90 0.17 0.42 

2.84 0.16 0.43 

2.73 0.16 0.38 

2.71 0.15 0.44 

2.85 0.16 0.44 

2.80 0.16 0.37 

2.83 0.16 0.43 

2.80 0.16 0.47 

2.83 0.16 0.46 

2.75 0.16 0.40 

2.78 0.16 0.44 

2.59 0.15 0.37 

2.73 0.16 0.40 

2.59 0.15 0.35 

2.63 0.15 0.34 

2.87 0.16 0.39 

2.77 0.16 0.43 

2.71 0.15 0.42 

2.73 0.16 0.44 

2.69 0.15 0.53 

2.56 0.15 0.43 

2.54 0.14 0.45 

2.60 0.15 0.40 

2.69 0.15 0.40 

2.78 0.16 0.45 

2.60 0.15 0.44 

2.67 0.15 0.54 

2.59 0.15 0.53 

2.52 0.14 0.43 

2.64 0.15 0.50 

2.54 0.14 0.46 

2.76 0.16 0.45 


2a- 

“007" 

0.06 

0.06 


0.06 

0.06 

0.07 

0.07 

0.07 


0.07 

0.07 

0.07 

0.07 

0.07 


0.06 

0.06 

0.07 

0.07 

0.06 

0.07 

0.07 

0.07 

0.06 

0.07 

0.06 

0.06 

0.05 

0.05 

0.06 

0.06 

0.06 

0.07 


0.07 

0.06 

0.06 

0.07 

0.07 


0.07 

0.08 

0.07 

0.07 


MgO 2 ct 
0.59 0.05 
0.55 0.04 
0.58 0.04 
0.65 0.05 
0.61 0.05 
0.58 0.04 
0.52 0.04 
0.58 0.04 
0.56 0.04 
0.53 0.04 
0.57 0.04 
0.59 0.05 
0.53 0.04 
0.55 0.04 
0.56 0.04 
0.56 0.04 
0.55 0.04 
0.55 0.04 
0.53 0.04 
0.58 0.04 
0.57 0.04 
0.58 0.04 
0.60 0.05 
0.61 0.05 
0.54 0.04 
0.54 0.04 
0.55 0.04 
0.53 0.04 
0.54 0.04 
0.55 0.04 
0.61 0.05 
0.63 0.05 
0.57 0.04 
0.55 0.04 
0.53 0.04 
0.60 0.05 
0.55 0.04 
0.54 0.04 
0.57 0.04 
0.56 0.04 
0.55 0.04 
0.54 0.04 
0.51 0.04 
0.57 0.04 
0.55 0.04 
0.54 0.04 
0.53 0.04 
0.54 0.04 
0.57 0.04 
0.53 0.04 
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51 

52 

53 

54 

55 

56 

57 

58 

59 

60 



63 

64 

65 

66 

67 

68 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 


82 

83 

84 

85 

86 
87 


91 

92 


95 

96 

97 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 


-1.66 74.23 0.25 
-1.50 74.34 0.25 
-1.33 74.63 0.25 
-1.16 74.72 0.25 
-1.00 74.89 0.25 
-0.83 75.51 0.25 
-0.66 75.97 0.25 
-0.50 76.60 0.25 
-0.33 76.84 0.26 
-0.17 76.99 0.26 


13.29 0.11 
13.26 0.11 
13.16 0.11 
12.87 0.10 
12.78 0.10 
12.46 0.10 
12.21 0.10 
11.94 0.10 
11.60 0.09 
11.37 0.09 


0.17 77.46 0.26 

0.33 77.16 0.26 
0.50 77.19 0.26 
0.66 76.97 0.26 
0.83 76.83 0.26 
1.00 76.44 0.25 

1.16 76.44 0.25 

1.33 75.81 0.25 
1.50 75.66 0.25 

1.66 75.39 0.25 
1.83 75.13 0.25 

1.99 74.94 0.25 

2.16 74.80 0.25 

2.33 74.77 0.25 

2.49 74.40 0.25 

2.66 74.20 0.25 

2.82 74.10 0.25 

2.99 74.02 0.25 

3.16 73.85 0.25 

3.32 73.65 0.24 

3.49 73.61 0.24 

3.65 73.51 0.24 

3.82 73.53 0.24 

3.99 73.33 0.24 

4.15 73.33 0.24 

4.32 73.25 0.24 

4.49 73.10 0.24 

4.65 72.86 0.24 

4.82 72.85 0.24 

4.98 73.05 0.24 

5.15 73.08 0.24 

5.32 72.89 0.24 

5.48 72.98 0.24 

5.65 73.08 0.24 

5.81 73.05 0.24 

5.98 72.65 0.24 

6.15 72.91 0.24 

6.31 72.92 0.24 

6.48 72.97 0.24 

6.65 72.81 0.24 

6.81 72.90 0.24 

6.98 72.81 0.24 

7.14 72.81 0.24 

7.31 72.79 0.24 

7.48 72.95 0.24 
7.64 72.89 0.24 

7.81 72.91 0.24 
7.97 72.59 0.24 

8.14 72.97 0.24 

8.31 72.91 0.24 

8.47 72.88 0.24 


11.16 0.09 

11.26 0.09 
11.28 0.09 
11.39 0.09 

11.64 0.09 
11.83 0.10 
11.81 0.10 
11.92 0.10 
11.98 0.10 
12.13 0.10 
12.38 0.10 

12.43 0.10 
12.51 0.10 
12.62 0.10 
12.72 0.10 
12.90 0.10 
12.90 0.10 
13.09 0.11 
13.04 0.10 
13.05 0.11 

13.16 0.11 
13.19 0.11 

13.27 0.11 
13.34 0.11 
13.46 0.11 

13.34 0.11 

13.35 0.11 
13.46 0.11 

13.53 0.11 
13.56 0.11 

13.44 0.11 
13.46 0.11 

13.49 0.11 
13.62 0.11 
13.56 0.11 

13.65 0.11 

13.50 0.11 

13.58 0.11 

13.50 0.11 

13.56 0.11 

13.54 0.11 

13.57 0.11 

13.51 0.11 
13.50 0.11 
13.54 0.11 
13.54 0.11 
13.54 0.11 

13.59 0.11 

13.50 0.11 
13.56 0.11 

13.51 0.11 


2.43 0.08 
2.40 0.08 
2.36 0.07 
2.32 0.07 
2.36 0.07 
2.28 0.07 
2.21 0.07 
2.17 0.07 
2.11 0.07 
2.14 0.07 


2.13 0.07 

2.12 0.07 
2.18 0.07 
2.22 0.07 

2.13 0.07 
2.24 0.07 
2.22 0.07 
2.31 0.07 
2.30 0.07 
2.34 0.07 
2.34 0.07 
2.48 0.08 
2.46 0.08 
2.46 0.08 

2.48 0.08 

2.49 0.08 
2.41 0.08 

2.50 0.08 
2.46 0.08 
2.64 0.08 
2.58 0.08 
2.49 0.08 
2.61 0.08 
2.60 0.08 
2.56 0.08 

2.56 0.08 
2.58 0.08 
2.58 0.08 
2.63 0.08 

2.57 0.08 
2.60 0.08 
2.60 0.08 
2.67 0.08 
2.60 0.08 

2.63 0.08 

2.64 0.08 
2.66 0.08 
2.67 0.08 
2.67 0.08 

2.72 0.09 
2.78 0.09 
2.67 0.08 

2.58 0.08 
2.62 0.08 

2.59 0.08 
2.69 0.08 

2.73 0.09 
2.61 0.08 

2.60 0.08 

2.65 0.08 
2.65 0.08 


4.00 0.07 
4.03 0.07 
4.07 0.07 
4.07 0.07 
4.06 0.07 
4.05 0.07 

3.97 0.07 
3.90 0.07 

3.98 0.07 
3.93 0.07 


3.92 0.07 

4.00 0.07 
4.02 0.07 
3.99 0.07 
3.95 0.07 
4.06 0.07 
4.01 0.07 
4.09 0.07 
4.13 0.07 

4.10 0.07 

4.13 0.07 

4.11 0.07 

4.14 0.07 
4.11 0.07 
4.11 0.07 

4.15 0.07 

4.13 0.07 
4.07 0.07 

4.16 0.07 

4.16 0.07 
4.20 0.07 

4.14 0.07 

4.24 0.07 

4.17 0.07 
4.22 0.07 
4.29 0.07 

4.25 0.07 

4.27 0.07 

4.20 0.07 

4.24 0.07 
4.37 0.08 

4.25 0.07 

4.21 0.07 
4.20 0.07 
4.19 0.07 

4.28 0.07 

4.22 0.07 
4.24 0.07 

4.23 0.07 

4.29 0.07 

4.27 0.07 
4.22 0.07 

4.28 0.07 
4.28 0.07 
4.31 0.07 

4.30 0.07 

4.24 0.07 

4.31 0.07 
4.22 0.07 
4.22 0.07 
4.35 0.07 


2.44 0.10 
2.40 0.10 
2.34 0.10 
2.27 0.10 
2.26 0.10 
2.05 0.09 
1.92 0.08 
1.82 0.08 
1.79 0.08 
1.73 0.07 


1.66 0.07 

1.72 0.07 
1.63 0.07 
1.75 0.07 
1.74 0.07 
1.80 0.08 
1.82 0.08 
1.93 0.08 
1.99 0.09 
2.01 0.09 
2.06 0.09 
2.07 0.09 
2.19 0.09 
2.16 0.09 
2.19 0.09 
2.15 0.09 
2.32 0.10 
2.32 0.10 
2.34 0.10 
2.29 0.10 
2.36 0.10 
2.41 0.10 
2.32 0.10 
2.48 0.11 

2.39 0.10 

2.40 0.10 

2.41 0.10 
2.48 0.11 

2.44 0.10 

2.45 0.10 

2.46 0.10 
2.45 0.10 

2.45 0.10 

2.36 0.10 

2.43 0.10 
2.54 0.11 
2.50 0.11 
2.39 0.10 
2.48 0.11 

2.44 0.10 
2.48 0.11 

2.41 0.10 
2.57 0.11 

2.42 0.10 

2.47 0.11 

2.42 0.10 
2.41 0.10 

2.37 0.10 
2.37 0.10 

2.43 0.10 

2.46 0.10 


2.69 0.15 
2.58 0.15 
2.58 0.15 
2.78 0.16 
2.73 0.16 
2.73 0.16 
2.81 0.16 
2.66 0.15 
2.78 0.16 
2.78 0.16 


2.75 0.16 

2.72 0.15 

2.65 0.15 

2.66 0.15 
2.72 0.15 
2.61 0.15 
2.70 0.15 
2.89 0.16 
2.78 0.16 
2.96 0.17 

2.94 0.17 

2.85 0.16 
2.81 0.16 

2.76 0.16 

2.95 0.17 
2.99 0.17 
3.00 0.17 
2.91 0.17 
3.02 0.17 
3.12 0.18 
3.00 0.17 

3.15 0.18 

2.86 0.16 

2.96 0.17 

2.96 0.17 
3.05 0.17 

3.16 0.18 

3.17 0.18 
3.11 0.18 
3.02 0.17 

2.97 0.17 

3.20 0.18 
3.03 0.17 
3.03 0.17 
3.04 0.17 
3.07 0.17 
3.05 0.17 
3.04 0.17 
3.06 0.17 
3.01 0.17 
2.87 0.16 

3.21 0.18 
3.10 0.18 
3.20 0.18 
3.02 0.17 
3.04 0.17 
3.04 0.17 
3.28 0.19 

3.18 0.18 
3.09 0.18 
3.09 0.18 


0.40 0.06 
0.43 0.07 
0.38 0.06 
0.48 0.07 
0.41 0.06 
0.44 0.07 
0.40 0.06 
0.40 0.06 
0.43 0.07 
0.46 0.07 


0.40 0.06 

0.46 0.07 
0.49 0.07 
0.43 0.07 
0.45 0.07 
0.44 0.07 
0.42 0.06 
0.46 0.07 
0.53 0.08 
0.44 0.07 
0.46 0.07 
0.45 0.07 
0.42 0.06 
0.48 0.07 
0.50 0.08 
0.50 0.08 
0.54 0.08 
0.47 0.07 
0.48 0.07 
0.46 0.07 
0.43 0.06 
0.49 0.07 
0.53 0.08 
0.47 0.07 
0.41 0.06 
0.46 0.07 
0.48 0.07 
0.48 0.07 
0.56 0.09 
0.43 0.07 
0.41 0.06 
0.50 0.08 
0.53 0.08 
0.42 0.06 
0.47 0.07 
0.49 0.07 
0.48 0.07 
0.48 0.07 
0.46 0.07 
0.50 0.08 
0.52 0.08 
0.46 0.07 
0.49 0.07 
0.52 0.08 
0.47 0.07 
0.44 0.07 
0.47 0.07 
0.53 0.08 
0.46 0.07 
0.44 0.07 
0.40 0.06 


0.52 0.04 
0.56 0.04 
0.48 0.04 
0.49 0.04 
0.50 0.04 
0.47 0.04 
0.51 0.04 
0.50 0.04 
0.47 0.04 
0.59 0.05 

0.52 0.04 

0.56 0.04 
0.55 0.04 
0.59 0.05 
0.55 0.04 
0.57 0.04 
0.58 0.04 
0.60 0.05 
0.62 0.05 
0.63 0.05 
0.56 0.04 
0.65 0.05 
0.67 0.05 
0.63 0.05 
0.64 0.05 
0.61 0.05 
0.61 0.05 
0.62 0.05 
0.65 0.05 
0.64 0.05 
0.66 0.05 
0.62 0.05 
0.64 0.05 
0.65 0.05 
0.66 0.05 
0.65 0.05 
0.67 0.05 
0.69 0.05 
0.69 0.05 
0.68 0.05 
0.67 0.05 
0.65 0.05 
0.66 0.05 
0.69 0.05 
0.63 0.05 
0.68 0.05 
0.68 0.05 
0.67 0.05 
0.64 0.05 
0.67 0.05 
0.66 0.05 
0.65 0.05 
0.67 0.05 
0.67 0.05 
0.65 0.05 
0.67 0.05 
0.65 0.05 
0.72 0.06 
0.70 0.05 
0.69 0.05 
0.67 0.05 
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113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 


8.64 72.90 
8.81 72.79 

8.97 73.01 
9.14 72.68 
9.30 73.09 
9.47 72.99 

9.64 73.21 
9.80 73.08 

9.97 72.99 
10.13 73.02 
10.30 72.99 
10.47 73.01 
10.63 73.11 


0.24 13.61 

0.24 13.59 

0.24 13.40 

0.24 13.53 

0.24 13.44 

0.24 13.45 

0.24 13.50 

0.24 13.59 

0.24 13.49 

0.24 13.40 

0.24 13.53 

0.24 13.49 

0.24 13.44 


0.11 2.62 
0.11 2.64 

0.11 2.67 

0.11 2.62 
0.11 2.70 

0.11 2.69 

0.11 2.68 
0.11 2.65 

0.11 2.63 

0.11 2.68 
0.11 2.59 

0.11 2.61 
0.11 2.64 


4.32 0.07 

4.31 0.07 

4.36 0.07 
4.45 0.08 

4.33 0.07 
4.26 0.07 
4.25 0.07 
4.22 0.07 

4.32 0.07 
4.25 0.07 
4.39 0.08 

4.37 0.08 
4.28 0.07 


2.47 0.11 

2.36 0.10 
2.32 0.10 

2.37 0.10 
2.20 0.09 
2.32 0.10 

2.32 0.10 

2.37 0.10 
2.35 0.10 
2.27 0.10 

2.33 0.10 

2.38 0.10 
2.31 0.10 


2.97 0.17 
3.19 0.18 
3.03 0.17 
3.16 0.18 
3.09 0.18 
3.18 0.18 
2.93 0.17 
2.97 0.17 
3.08 0.18 
3.31 0.19 
3.08 0.17 
2.96 0.17 
3.04 0.17 


0.46 0.07 
0.42 0.06 
0.49 0.07 
0.48 0.07 
0.43 0.06 
0.43 0.07 
0.46 0.07 
0.47 0.07 
0.43 0.07 
0.42 0.06 
0.43 0.07 
0.48 0.07 
0.48 0.07 


0.65 0.05 
0.69 0.05 
0.72 0.06 
0.70 0.05 
0.73 0.06 
0.68 0.05 
0.66 0.05 
0.66 0.05 
0.72 0.06 
0.64 0.05 
0.67 0.05 
0.70 0.05 
0.70 0.05 
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Agglomerate U1B.2 


Table J.23: Major element compositions (as wt.% oxides) from a line traverse across the interface of surface 
agglomerate U1B.2 (from agglomerate U1B.2 to host U1B) extracted from quantified EDS compositional 
maps. The EDS compositional maps were collected at a resolution of 7.15 pixels/pm. The smoothing width 
for this traverse was 125 pixels (17.5 pm) wide. This is a Si interface and has been centered at x = 0 based 
on the SiC>2 maximum. Peak points within 2a of the SiC>2 maximum are highlighted in yellow 1 . Uncertainties 
are 2SEOM. 


Position 

Pt. ( fj . ni ) Si02 2 a AI2O3 

1 -8.39 76.95 0.16 ITIT 

2 -8.25 77.11 0.16 13.40 

3 -8.11 77.12 0.16 13.40 

4 -7.97 77.05 0.16 13.43 

5 -7.83 76.83 0.16 13.36 

6 -7.69 76.86 0.16 13.36 

7 -7.55 76.92 0.16 13.36 

8 -7.41 76.86 0.16 13.43 

9 -7.27 76.75 0.16 13.39 

10 -7.13 76.80 0.16 13.47 

11 -6.99 76.76 0.16 13.41 

12 -6.85 76.83 0.16 13.36 

13 -6.71 76.79 0.16 13.38 

14 -6.57 76.91 0.16 13.39 

15 -6.43 76.89 0.16 13.40 

16 -6.29 76.76 0.16 13.40 

17 -6.15 76.84 0.16 13.36 

18 -6.01 76.86 0.16 13.40 

19 -5.87 76.79 0.16 13.39 

20 -5.73 76.63 0.16 13.35 

21 -5.59 76.55 0.16 13.32 

22 -5.45 76.64 0.16 13.33 

23 -5.31 76.45 0.16 13.35 

24 -5.17 76.59 0.16 13.28 

25 -5.04 76.52 0.16 13.32 

26 -4.90 76.41 0.16 13.26 

27 -4.76 76.34 0.16 13.28 

28 -4.62 76.34 0.16 13.16 

29 -4.48 76.26 0.16 13.19 

30 -4.34 76.40 0.16 13.11 

31 -4.20 76.35 0.16 13.11 

32 -4.06 76.38 0.16 13.04 

33 -3.92 76.43 0.16 12.96 

34 -3.78 76.63 0.16 12.98 

35 -3.64 76.57 0.16 12.85 

36 -3.50 76.69 0.16 12.76 

37 -3.36 76.74 0.16 12.65 

38 -3.22 76.95 0.16 12.57 

39 -3.08 77.02 0.16 12.44 

40 -2.94 77.40 0.16 12.19 

41 -2.80 77.37 0.16 12.07 

42 -2.66 77.75 0.16 11.93 

43 -2.52 78.03 0.16 11.75 

44 -2.38 78.04 0.16 11.55 

45 -2.24 78.57 0.16 11.32 

46 -2.10 79.08 0.16 11.08 

47 -1.96 79.18 0.16 10.87 

48 -1.82 79.60 0.16 10.66 

49 -1.68 79.85 0.16 10.45 

50 -1.54 80.31 0.16 10.14 


2<t 


0.05 

0.05 

0.05 

0.05 


0.05 


Na 2 Q 

3.17 

3.13 

3.19 
3.12 

3.12 

3.20 
3.17 
3.15 

3.14 
3.17 
3.20 

3.13 
3.12 
3.10 

3.14 


3.16 

3.12 

3.07 

3.05 

3.05 


3.07 


3.07 

2.98 

3.00 

3.01 

2.97 

2.94 

2.92 

2.89 

2.83 

2.87 

2.86 

2.79 

2.79 

2.68 

2.68 

2.67 

2.59 

2.50 

2.47 


2.36 


2 a 
"005“ 


0.05 

0.05 

0.05 

0.05 

0.05 


0.05 

0.05 


0.05 

0.05 

0.05 

0.05 

0.05 


0.05 


0.05 

0.05 


0.05 


0.05 

0.05 

0.05 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 


K 2 Q 2q 
5.26 0.04 
5.26 0.04 
5.26 0.04 
5.23 0.04 

5.23 0.04 
5.26 0.04 

5.24 0.04 
5.22 0.04 
5.24 0.04 
5.22 0.04 

5.18 0.04 

5.19 0.04 

5.18 0.04 

5.19 0.04 

5.16 0.04 
5.15 0.04 
5.19 0.04 
5.14 0.04 
5.11 0.04 

5.17 0.04 

5.13 0.04 

5.14 0.04 
5.21 0.04 
5.13 0.04 
5.10 0.04 
5.13 0.04 
5.07 0.04 
5.07 0.04 
5.02 0.04 
5.03 0.04 
5.08 0.04 
5.05 0.04 
5.00 0.04 
5.01 0.04 
4.97 0.04 

4.97 0.04 

4.98 0.04 

4.90 0.04 
4.92 0.04 
4.88 0.04 

4.91 0.04 
4.83 0.04 
4.77 0.04 
4.72 0.04 
4.70 0.04 
4.66 0.04 
4.61 0.04 
4.56 0.04 
4.50 0.03 
4.45 0.03 


CaO 2 a 
0.77 0.04 
0.80 0.04 
0.79 0.04 
0.76 0.04 
0.81 0.04 
0.85 0.04 
0.85 0.04 
0.85 0.04 
0.88 0.04 
0.87 0.04 
0.87 0.04 
0.88 0.04 
0.86 0.04 
0.91 0.04 
0.91 0.04 
0.92 0.05 
0.96 0.05 
0.99 0.05 
0.95 0.05 
0.97 0.05 
1.01 0.05 
1.02 0.05 
1.02 0.05 
1.02 0.05 
1.02 0.05 
1.03 0.05 
1.12 0.06 
1.12 0.06 
1.07 0.05 
1.12 0.06 

1.15 0.06 
1.14 0.06 
1.17 0.06 
1.17 0.06 

1.16 0.06 

1.14 0.06 

1.15 0.06 

1.16 0.06 
1.15 0.06 
1.17 0.06 
1.15 0.06 
1.12 0.06 
1.11 0.05 
1.13 0.06 
1.10 0.05 
1.08 0.05 
1.10 0.05 
1.04 0.05 
1.01 0.05 
1.06 0.05 


FeO 2 a Ti0 2 

2.90 0.09 039" 

2.95 0.09 0.37 

2.99 0.09 0.37 

2.98 0.09 0.38 

3.09 0.09 0.40 

3.02 0.09 0.41 

3.04 0.09 0.40 

3.12 0.09 0.38 

3.12 0.09 0.34 

3.12 0.09 0.37 

3.26 0.10 0.42 

3.27 0.10 0.35 

3.27 0.10 0.39 

3.23 0.10 0.36 

3.18 0.10 0.39 

3.32 0.10 0.40 

3.39 0.10 0.37 

3.29 0.10 0.35 

3.38 0.10 0.38 

3.41 0.10 0.34 

3.53 0.11 0.33 

3.54 0.11 0.37 

3.48 0.10 0.36 

3.61 0.11 0.38 

3.59 0.11 0.37 

3.58 0.11 0.35 

3.76 0.11 0.34 

3.83 0.11 0.38 

3.90 0.12 0.36 

3.94 0.12 0.34 

3.94 0.12 0.38 

3.91 0.12 0.38 

3.99 0.12 0.39 

3.96 0.12 0.33 

4.05 0.12 0.36 

4.09 0.12 0.33 

4.14 0.12 0.33 

4.10 0.12 0.33 

4.10 0.12 0.36 

4.21 0.13 0.32 

4.27 0.13 0.36 

4.27 0.13 0.38 

4.35 0.13 0.31 

4.48 0.13 0.32 

4.46 0.13 0.31 

4.46 0.13 0.34 

4.43 0.13 0.34 

4.46 0.13 0.38 

4.50 0.13 0.33 

4.54 0.14 0.32 


2a- 

“ooT 


0.04 

0.04 

0.04 

0.04 

0.04 


0.04 

0.04 


0.04 


0.04 

0.04 

0.03 

0.03 

0.04 


0.04 

0.04 

0.03 

0.04 

0.04 

0.03 

0.04 

0.04 

0.04 

0.03 


0.03 

0.04 


0.03 

0.04 

0.04 

0.04 

0.03 

0.03 


MgO 2 ct 
0.51 0.03 
0.51 0.03 
0.47 0.03 
0.50 0.03 
0.50 0.03 
0.47 0.03 
0.48 0.03 
0.48 0.03 
0.47 0.03 
0.46 0.03 
0.48 0.03 
0.50 0.03 
0.51 0.03 
0.49 0.03 
0.53 0.03 
0.51 0.03 
0.51 0.03 
0.50 0.03 
0.52 0.03 
0.53 0.03 
0.50 0.03 
0.50 0.03 
0.52 0.03 
0.52 0.03 
0.52 0.03 
0.52 0.03 
0.50 0.03 
0.54 0.03 
0.53 0.03 
0.57 0.03 
0.57 0.03 
0.58 0.03 
0.55 0.03 
0.56 0.03 
0.54 0.03 
0.56 0.03 
0.57 0.03 
0.61 0.03 
0.59 0.03 
0.57 0.03 
0.58 0.03 
0.59 0.03 
0.59 0.03 
0.60 0.03 
0.59 0.03 
0.61 0.03 
0.62 0.04 
0.60 0.03 
0.59 0.03 
0.64 0.04 
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-1.40 80.67 0.16 
-1.26 81.01 0.16 
-1.12 80.96 0.16 
-0.98 81.54 0.17 
-0.84 81.40 0.17 
-0.70 81.65 0.17 | 
-0.56 81.70 0.17 

-0.42 81.77 0.17 
-0.28 81.72 0.17 
-0.14 81.68 0.17 
0.00 81.85 0.17 
0.14 81.74 0.17 


10.01 0.05 

9.80 0.05 

9.62 0.05 

9.50 0.04 

9.40 0.04 

9.34 0.04 

9.30 0.04 

9.30 0.04 

9.30 0.04 

9.39 0.04 

9.50 0.04 

9.66 0.05 


2.31 0.04 

2.27 0.03 

2.29 0.04 

2.24 0.03 

2.23 0.03 
2.17 0.03 

M 

2.19 0.03 

2.23 0.03 

2.23 0.03 

2.22 0.03 

2.22 0.03 


4.39 0.03 

4.37 0.03 

4.34 0.03 

4.27 0.03 

4.26 0.03 

4.27 0.03 

4.29 0.03 

4.25 0.03 

4.25 0.03 

4.29 0.03 

4.32 0.03 

4.31 0.03 


0.99 0.05 
0.98 0.05 
0.96 0.05 
0.96 0.05 
0.98 0.05 
0.97 0.05 
0.92 0.05 

0.92 0.05 
0.96 0.05 
0.93 0.05 
0.93 0.05 
0.96 0.05 


4.53 0.14 

4.61 0.14 

4.67 0.14 

4.57 0.14 

4.57 0.14 
4.52 0.14 

4.51 0.14 

4.55 0.14 

4.47 0.13 
4.49 0.13 

4.40 0.13 

4.31 0.13 


0.33 0.03 
0.31 0.03 
0.33 0.03 
0.33 0.03 
0.37 0.04 
0.31 0.03 I 
0.33 0.03 

0.33 0.03 
0.32 0.03 
0.31 0.03 
0.31 0.03 
0.28 0.03 


0.60 0.03 
0.59 0.03 
0.64 0.04 
0.62 0.03 
0.61 0.03 
0.61 0.03 
0.62 0.03 

0.63 0.04 
0.63 0.04 
0.59 0.03 
0.59 0.03 
0.59 0.03 


0.28 81.40 0.17 
0.42 81.11 0.17 
0.56 81.11 0.17 
0.70 80.83 0.16 
0.84 80.61 0.16 
0.98 80.42 0.16 
1.12 80.20 0.16 
1.26 80.04 0.16 
1.40 79.75 0.16 
1.54 79.60 0.16 
1.68 79.45 0.16 
1.82 79.03 0.16 
1.96 78.69 0.16 
2.10 78.71 0.16 
2.24 78.65 0.16 
2.38 78.40 0.16 
2.52 78.37 0.16 
2.66 78.12 0.16 
2.80 78.18 0.16 
2.94 77.75 0.16 
3.08 77.56 0.16 
3.22 77.41 0.16 
3.36 77.41 0.16 
3.50 77.26 0.16 
3.64 77.06 0.16 
3.78 77.01 0.16 
3.92 76.98 0.16 
4.06 76.88 0.16 
4.20 76.73 0.16 
4.34 76.72 0.16 
4.48 76.77 0.16 
4.62 76.78 0.16 
4.76 76.59 0.16 
4.90 76.64 0.16 
5.04 76.55 0.16 
5.17 76.49 0.16 
5.31 76.13 0.16 

5.45 76.31 0.16 
5.59 76.32 0.16 
5.73 76.57 0.16 


9.80 0.05 
9.98 0.05 

10.22 0.05 
10.41 0.05 

10.56 0.05 

10.73 0.05 
11.01 0.05 
11.24 0.05 

11.38 0.05 

11.53 0.05 

11.72 0.06 
11.88 0.06 
12.07 0.06 
12.21 0.06 

12.34 0.06 

12.48 0.06 
12.64 0.06 

12.78 0.06 

12.91 0.06 
13.07 0.06 

13.14 0.06 
13.21 0.06 

13.27 0.06 

13.38 0.06 

13.48 0.06 

13.56 0.06 

13.67 0.06 

13.76 0.06 

13.84 0.07 

13.95 0.07 

13.96 0.07 
14.09 0.07 
14.05 0.07 
14.11 0.07 
14.18 0.07 

14.14 0.07 

14.15 0.07 

14.27 0.07 

14.40 0.07 

14.38 0.07 


2.25 0.03 
2.28 0.03 

2.31 0.04 

2.31 0.04 

2.37 0.04 

2.39 0.04 

2.40 0.04 

2.42 0.04 

2.43 0.04 

2.45 0.04 

2.46 0.04 

2.55 0.04 

2.59 0.04 

2.54 0.04 

2.53 0.04 

2.55 0.04 

2.54 0.04 

2.56 0.04 

2.60 0.04 

2.62 0.04 

2.61 0.04 

2.65 0.04 

2.66 0.04 

2.63 0.04 

2.64 0.04 

2.69 0.04 

2.72 0.04 

2.66 0.04 

2.67 0.04 

2.70 0.04 

2.70 0.04 

2.71 0.04 

2.71 0.04 

2.67 0.04 

2.64 0.04 

2.69 0.04 

2.70 0.04 

2.71 0.04 
2.69 0.04 

2.68 0.04 


4.39 0.03 

4.37 0.03 

4.37 0.03 
4.42 0.03 

4.48 0.03 

4.49 0.03 

4.49 0.03 

4.54 0.03 

4.60 0.04 

4.55 0.04 

4.60 0.04 

4.70 0.04 

4.70 0.04 

4.74 0.04 

4.68 0.04 

4.68 0.04 

4.73 0.04 

4.75 0.04 

4.71 0.04 

4.74 0.04 

4.78 0.04 

4.77 0.04 

4.76 0.04 

4.80 0.04 

4.84 0.04 

4.80 0.04 

4.80 0.04 

4.82 0.04 

4.80 0.04 

4.81 0.04 

4.81 0.04 
4.80 0.04 

4.78 0.04 

4.73 0.04 

4.79 0.04 

4.84 0.04 

4.83 0.04 

4.80 0.04 

4.81 0.04 

4.76 0.04 


0.97 0.05 
0.98 0.05 
0.99 0.05 
1.00 0.05 
1.01 0.05 
1.05 0.05 
1.02 0.05 
1.04 0.05 
1.06 0.05 
1.03 0.05 
1.05 0.05 
1.08 0.05 
1.13 0.06 
1.13 0.06 
1.06 0.05 
1.11 0.05 

1.11 0.05 
1.10 0.05 

1.12 0.06 
1.13 0.06 
1.13 0.06 

1.13 0.06 

1.15 0.06 

1.16 0.06 
1.21 0.06 
1.16 0.06 
1.16 0.06 

1.19 0.06 
1.22 0.06 

1.20 0.06 
1.16 0.06 
1.16 0.06 

1.17 0.06 

1.18 0.06 
1.18 0.06 
1.15 0.06 
1.22 0.06 
1.15 0.06 
1.19 0.06 

1.14 0.06 


4.24 0.13 
4.35 0.13 

4.31 0.13 
4.18 0.13 
3.99 0.12 
4.08 0.12 
4.02 0.12 

3.91 0.12 

3.92 0.12 
3.94 0.12 

3.93 0.12 

3.84 0.11 
3.88 0.12 

3.76 0.11 

3.83 0.11 

3.77 0.11 

3.61 0.11 

3.69 0.11 

3.68 0.11 

3.70 0.11 

3.72 0.11 

3.70 0.11 

3.64 0.11 

3.62 0.11 

3.70 0.11 

3.69 0.11 

3.73 0.11 

3.67 0.11 

3.49 0.10 

3.52 0.11 
3.66 0.11 

3.53 0.11 

3.65 0.11 

3.66 0.11 

3.57 0.11 

3.74 0.11 

3.67 0.11 
3.64 0.11 

3.63 0.11 
3.66 0.11 


0.34 0.03 
0.32 0.03 
0.36 0.04 
0.36 0.04 
0.30 0.03 
0.31 0.03 
0.34 0.03 
0.32 0.03 
0.31 0.03 
0.33 0.03 
0.32 0.03 
0.34 0.03 
0.35 0.04 
0.33 0.03 
0.42 0.04 
0.38 0.04 
0.38 0.04 
0.37 0.04 
0.35 0.04 
0.36 0.04 
0.37 0.04 
0.39 0.04 
0.38 0.04 
0.38 0.04 
0.35 0.04 
0.37 0.04 
0.39 0.04 
0.39 0.04 
0.41 0.04 
0.41 0.04 
0.41 0.04 
0.38 0.04 
0.39 0.04 
0.40 0.04 
0.41 0.04 
0.45 0.05 
0.43 0.04 
0.39 0.04 
0.36 0.04 
0.40 0.04 


0.58 0.03 
0.56 0.03 
0.54 0.03 
0.58 0.03 
0.60 0.03 
0.57 0.03 
0.58 0.03 
0.54 0.03 
0.55 0.03 
0.56 0.03 
0.55 0.03 
0.52 0.03 
0.54 0.03 
0.55 0.03 
0.56 0.03 
0.54 0.03 
0.53 0.03 
0.51 0.03 
0.53 0.03 
0.55 0.03 
0.55 0.03 
0.54 0.03 
0.53 0.03 
0.54 0.03 
0.50 0.03 
0.54 0.03 
0.54 0.03 
0.51 0.03 
0.54 0.03 
0.56 0.03 
0.52 0.03 
0.53 0.03 
0.53 0.03 
0.56 0.03 
0.52 0.03 
0.53 0.03 
0.56 0.03 
0.56 0.03 
0.54 0.03 
0.56 0.03 
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Agglomerate U3.1 


Table J.24: Major element compositions (as wt.% oxides) from a line traverse across the interface of ag¬ 
glomerate U3.1 (from agglomerate U3.1 to host U3) extracted from quantified EDS compositional maps. 
The EDS compositional maps were collected at a resolution of 3.3 pixels/pm. The smoothing width for this 
traverse was 150 pixels (45.1 /xm) wide. This is an Si interface and has been centered at x = 0 based on the 
SiC>2 maximum. Peak points within 2a of the Si02 maximum are ^J^lighted in yellc^. Uncertainties are 
2SEOM. 


Position 

Pt. (pm) SiC>2 2cr AI2O3 2 a 
I -29.47 


2 -29.17 

3 -28.87 

4 -28.57 

5 -28.27 

6 -27.97 

7 -27.67 

8 -27.37 

9 -27.07 

10 -26.77 

11 -26.47 

12 -26.17 

13 -25.87 

14 -25.56 

15 -25.26 

16 -24.96 

17 -24.66 

18 -24.36 

19 -24.06 

20 -23.76 

21 -23.46 

22 -23.16 

23 -22.86 

24 -22.56 

25 -22.26 

26 -21.95 

27 -21.65 

28 -21.35 

29 -21.05 

30 -20.75 

31 -20.45 

32 -20.15 

33 -19.85 

34 -19.55 

35 -19.25 

36 -18.95 

37 -18.65 

38 -18.35 

39 -18.05 

40 -17.75 

41 -17.44 

42 -17.14 

43 -16.84 

44 -16.54 

45 -16.24 

46 -15.94 

47 -15.64 

48 -15.34 

49 -15.04 

50 -14.74 


73.53 0.24 
73.57 0.24 
73.63 0.24 
73.24 0.24 
73.47 0.24 

73.59 0.24 
73.68 0.24 
73.52 0.24 
73.77 0.24 
73.45 0.24 
73.45 0.24 

73.33 0.24 
73.63 0.24 
73.50 0.24 
73.62 0.24 

73.43 0.24 

73.60 0.24 
73.18 0.24 
73.27 0.24 
73.75 0.24 
73.41 0.24 
73.45 0.24 
73.47 0.24 

73.34 0.24 

73.44 0.24 
73.39 0.24 
73.31 0.24 
73.44 0.24 
73.31 0.24 

73.36 0.24 
73.24 0.24 

73.37 0.24 

73.24 0.24 

73.25 0.24 
73.15 0.24 

73.26 0.24 
73.33 0.24 

73.14 0.24 

73.29 0.24 
73.13 0.24 

73.22 0.24 

73.23 0.24 

73.21 0.24 

73.22 0.24 
72.97 0.24 

73.15 0.24 
72.93 0.24 
73.03 0.24 

73.30 0.24 
72.99 0.24 


13.49 0.12 
13.45 0.12 
13.38 0.12 

13.64 0.13 

13.58 0.13 

13.65 0.13 

13.53 0.12 
13.65 0.13 
13.56 0.13 
13.56 0.13 

13.54 0.12 

13.56 0.13 
13.45 0.12 
13.49 0.12 

13.57 0.13 

13.56 0.13 
13.49 0.12 
13.72 0.13 

13.48 0.12 
13.37 0.12 

13.49 0.12 

13.55 0.12 
13.54 0.12 
13.62 0.13 

13.54 0.12 

13.57 0.13 
13.52 0.12 

13.55 0.12 

13.59 0.13 

13.59 0.13 

13.57 0.13 

13.55 0.12 

13.64 0.13 

13.56 0.13 
13.56 0.13 
13.56 0.13 

13.55 0.12 

13.56 0.13 
13.61 0.13 

13.65 0.13 
13.72 0.13 
13.75 0.13 

13.66 0.13 

13.52 0.12 
13.66 0.13 

13.53 0.12 
13.61 0.13 
13.65 0.13 

13.58 0.13 

13.60 0.13 


Na 2 Q 

2.22 

2.26 

2.25 

2.20 

2.24 

2.24 
2.19 
2.19 
2.13 
2.12 

2.23 
2.17 

2.25 
2.33 

2.27 
2.22 
2.29 

2.29 
2.33 

2.30 

2.24 
2.19 

2.28 

2.30 
2.28 

2.29 

2.31 

2.27 

2.24 

2.31 

2.35 

2.26 

2.36 

2.30 

2.31 

2.37 

2.32 
2.35 

2.38 

2.30 

2.25 

2.28 
2.24 
2.22 
2.28 
2.37 

2.32 

2.31 
2.21 
2.29 


2(7 K2O 2(7 CaO 2(7 FcO 2 a Ti0 2 2 a MgO 2cr 


0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.08 

0.08 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 


3.04 

2.99 

3.09 

3.16 

2.98 

3.08 

3.01 

3.10 

3.04 

3.00 

3.15 

3.13 

3.09 

3.12 
3.08 
3.10 

3.21 

3.13 

3.15 
3.08 

3.13 
3.07 

3.19 

3.14 
3.02 
3.12 

3.16 
3.08 
3.12 

3.15 

3.22 

3.21 
3.15 

3.23 

3.20 

3.18 

3.22 

3.19 
3.10 
3.25 

3.21 
3.25 

3.19 

3.20 
3.29 

3.23 
3.19 
3.29 
3.28 
3.36 


0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.11 

0.10 

0.10 

0.10 

0.10 

0.10 

0.11 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.11 

0.11 

0.10 

0.11 

0.11 

0.10 

0.11 

0.11 

0.10 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 


3.36 

3.40 

3.33 

3.42 

3.34 

3.28 
3.40 
3.40 

3.43 

3.33 
3.23 
3.43 

3.31 
3.22 
3.19 

3.32 

3.29 
3.38 

3.35 

3.38 

3.35 
3.27 
3.27 

3.31 

3.42 

3.43 
3.52 

3.34 
3.42 

3.39 

3.36 

3.40 
3.45 

3.37 

3.45 
3.36 

3.32 
3.42 

3.50 
3.39 
3.32 
3.22 

3.51 
3.56 
3.49 

3.46 
3.51 
3.46 
3.45 
3.34 


0.13 

0.14 

0.13 

0.14 

0.13 

0.13 

0.14 

0.14 

0.14 

0.13 

0.13 

0.14 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.13 

0.14 

0.14 

0.14 

0.13 

0.14 

0.13 

0.13 

0.14 

0.14 

0.13 

0.14 

0.13 

0.13 

0.14 

0.14 

0.13 

0.13 

0.13 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.13 


2.90 

2.91 
2.83 
2.85 
2.87 

2.70 
2.82 
2.72 
2.67 
3.02 
2.89 

2.89 
2.77 
2.79 
2.77 
2.87 

2.74 
2.77 

2.83 

2.71 

2.84 
2.87 
2.79 
2.87 

2.90 

2.75 
2.63 
2.77 

2.85 
2.74 
2.77 

2.77 

2.72 
2.79 
2.85 

2.76 

2.73 
2.79 
2.72 
2.89 

2.84 

2.74 
2.69 
2.79 
2.79 
2.82 

2.91 

2.85 

2.78 
2.96 


0.19 

0.19 

0.19 

0.19 

0.19 

0.18 

0.19 

0.18 

0.18 

0.20 

0.19 

0.19 

0.18 

0.18 

0.18 

0.19 

0.18 

0.18 

0.19 

0.18 

0.19 

0.19 

0.18 

0.19 

0.19 

0.18 

0.17 

0.18 

0.19 

0.18 

0.18 

0.18 

0.18 

0.18 

0.19 

0.18 

0.18 

0.18 

0.18 

0.19 

0.19 

0.18 

0.18 

0.18 

0.18 

0.19 

0.19 

0.19 

0.18 

0.20 


0.49 0.07 
0.45 0.06 
0.52 0.07 
0.54 0.07 
0.55 0.08 
0.53 0.07 
0.45 0.06 
0.43 0.06 
0.44 0.06 
0.45 0.06 
0.47 0.07 
0.50 0.07 
0.49 0.07 
0.51 0.07 
0.51 0.07 
0.48 0.07 
0.45 0.06 
0.48 0.07 
0.46 0.06 
0.46 0.06 
0.51 0.07 
0.57 0.08 
0.51 0.07 
0.49 0.07 
0.47 0.07 
0.49 0.07 
0.54 0.07 
0.50 0.07 
0.48 0.07 
0.48 0.07 
0.51 0.07 
0.46 0.06 
0.43 0.06 
0.45 0.06 
0.48 0.07 
0.49 0.07 
0.52 0.07 
0.51 0.07 
0.48 0.07 
0.51 0.07 
0.51 0.07 
0.53 0.07 
0.47 0.06 
0.54 0.07 
0.52 0.07 
0.46 0.06 
0.49 0.07 
0.43 0.06 
0.45 0.06 
0.42 0.06 


0.66 0.06 
0.62 0.06 
0.62 0.06 
0.64 0.06 
0.62 0.06 
0.59 0.06 
0.58 0.06 
0.60 0.06 
0.60 0.06 
0.64 0.06 
0.68 0.07 
0.62 0.06 
0.63 0.06 
0.68 0.07 
0.63 0.06 
0.64 0.06 
0.65 0.06 
0.65 0.06 
0.64 0.06 
0.61 0.06 
0.67 0.06 
0.67 0.06 
0.64 0.06 
0.59 0.06 
0.64 0.06 
0.66 0.06 
0.63 0.06 
0.66 0.06 
0.62 0.06 
0.60 0.06 
0.63 0.06 
0.63 0.06 
0.66 0.06 
0.67 0.06 
0.65 0.06 
0.64 0.06 
0.62 0.06 
0.61 0.06 
0.59 0.06 
0.61 0.06 
0.65 0.06 
0.61 0.06 
0.65 0.06 
0.59 0.06 
0.61 0.06 
0.58 0.06 
0.63 0.06 
0.60 0.06 
0.63 0.06 
0.65 0.06 
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51 -14.44 73.30 

52 -14.14 73.35 

53 -13.84 73.17 

54 -13.53 73.13 

55 -13.23 73.17 

56 -12.93 72.96 

57 -12.63 73.34 

58 -12.33 73.38 

59 -12.03 73.29 

60 -11.73 73.64 

61 -11.43 73.61 

62 -11.13 73.58 

63 -10.83 73.76 

64 -10.53 73.84 

65 -10.23 73.79 

66 -9.93 73.85 

67 -9.62 73.85 

68 -9.32 73.74 

69 -9.02 73.68 

70 -8.72 73.81 

71 -8.42 73.98 

72 -8.12 74.16 

73 -7.82 74.13 

74 -7.52 74.43 

75 -7.22 74.37 

76 -6.92 74.60 

77 -6.62 74.76 

78 -6.32 75.01 

79 -6.02 74.72 

80 -5.71 74.83 

81 -5.41 75.26 

82 -5.11 75.39 

83 -4.81 75.15 

84 -4.51 75.24 

85 -4.21 75.54 

86 -3.91 75.62 

87 -3.61 75.62 

88 -3.31 75.65 

89 -3.01 75.98 

90 -2.71 76.18 

91 -2.41 75.99 

92 -2.11 75.79 

93 -1.80 76.12 

94 -1.50 76.02 

95 -1.20 76.17 

96 -0.90 76.37 

98 -0.30 76.42 

99 0.00 76.62 

100 0.30 76.29 

101 0.60 76.34 

102 0.90 76.35 

103 1.20 75.98 

104 1.50 75.80 

105 1.80 75.55 

106 2.11 75.70 

107 2.41 75.31 

108 2.71 75.32 

109 3.01 74.85 

110 3.31 74.90 

111 3.61 74.64 

112 3.91 74.52 


0.24 13.47 0.12 

0.24 13.65 0.13 

0.24 13.56 0.12 

0.24 13.43 0.12 

0.24 13.47 0.12 

0.24 13.50 0.12 

0.24 13.45 0.12 

0.24 13.46 0.12 

0.24 13.43 0.12 

0.24 13.33 0.12 

0.24 13.37 0.12 

0.24 13.37 0.12 

0.24 13.26 0.12 

0.24 13.25 0.12 

0.24 13.20 0.12 

0.24 13.28 0.12 

0.24 13.21 0.12 

0.24 13.09 0.12 

0.24 13.08 0.12 

0.24 13.01 0.12 
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0.06 

166 

20.15 

73.92 

0.24 

13. 

31 0 

12 

2.44 

0.10 

3.78 

0.12 

2.32 

0.09 

2.77 

0.18 

0.52 

0.07 

0.58 

0.06 

167 

20.45 

73.94 

0.24 

13. 

31 0 

12 

2.44 

0.10 

3.79 

0.13 

2.29 

0.09 

2.73 

0.18 

0.49 

0.07 

0.62 

0.06 

168 

20.75 

73.91 

0.24 

13. 

46 0 

12 

2.43 

0.10 

3.75 

0.12 

2.38 

0.09 

2.65 

0.18 

0.44 

0.06 

0.66 

0.06 

169 

21.05 

73.93 

0.24 

13. 

38 0 

12 

2.47 

0.10 

3.72 

0.12 

2.21 

0.09 

2.82 

0.19 

0.51 

0.07 

0.65 

0.06 

170 

21.35 

73.87 

0.24 

13.40 0 

12 

2.49 

0.10 

3.77 

0.12 

2.22 

0.09 

2.79 

0.18 

0.51 

0.07 

0.60 

0.06 

171 

21.65 

73.81 

0.24 

13. 

44 0 

12 

2.55 

0.10 

3.83 

0.13 

2.27 

0.09 

2.68 

0.18 

0.52 

0.07 

0.55 

0.05 

172 

21.96 

73.80 

0.24 

13. 

45 0 

12 

2.42 

0.10 

3.76 

0.12 

2.23 

0.09 

2.81 

0.19 

0.52 

0.07 

0.64 

0.06 

173 

22.25 

73.89 

0.24 

13.41 0 

12 

2.47 

0.10 

3.69 

0.12 

2.24 

0.09 

2.79 

0.18 

0.46 

0.06 

0.68 

0.07 

174 

22.56 

73.95 

0.24 

13. 

43 0 

12 

2.51 

0.10 

3.78 

0.12 

2.24 

0.09 

2.61 

0.17 

0.44 

0.06 

0.66 

0.06 
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175 

22.86 

73.87 0.24 

13.31 0.12 

2.54 0.10 

3.74 

0.12 

2.27 

0.09 

2.86 

0.19 

0.44 

0.06 

0.60 

0.06 

176 

23.16 

73.86 0.24 

13.33 0.12 

2.45 0.10 

3.69 

0.12 

2.34 

0.09 

2.84 

0.19 

0.49 

0.07 

0.66 

0.06 

177 

23.46 

73.82 0.24 

13.46 0.12 

2.41 0.10 

3.80 

0.13 

2.32 

0.09 

2.74 

0.18 

0.54 

0.07 

0.56 

0.05 

178 

23.76 

73.81 0.24 

13.44 0.12 

2.41 0.10 

3.77 

0.12 

2.25 

0.09 

2.83 

0.19 

0.49 

0.07 

0.64 

0.06 

179 

24.06 

73.76 0.24 

13.38 0.12 

2.47 0.10 

3.77 

0.12 

2.32 

0.09 

2.87 

0.19 

0.47 

0.06 

0.61 

0.06 

180 

24.36 

73.91 0.24 

13.29 0.12 

2.48 0.10 

3.78 

0.12 

2.42 

0.10 

2.72 

0.18 

0.50 

0.07 

0.59 

0.06 

181 

24.66 

73.83 0.24 

13.42 0.12 

2.56 0.10 

3.78 

0.12 

2.32 

0.09 

2.63 

0.17 

0.48 

0.07 

0.57 

0.06 

182 

24.96 

73.87 0.24 

13.36 0.12 

2.47 0.10 

3.78 

0.12 

2.17 

0.09 

2.83 

0.19 

0.45 

0.06 

0.65 

0.06 

183 

25.26 

73.92 0.24 

13.43 0.12 

2.44 0.10 

3.78 

0.12 

2.17 

0.09 

2.81 

0.19 

0.48 

0.07 

0.61 

0.06 

184 

25.56 

73.82 0.24 

13.43 0.12 

2.45 0.10 

3.79 

0.12 

2.18 

0.09 

2.82 

0.19 

0.54 

0.08 

0.59 

0.06 

185 

25.86 

73.93 0.24 

13.34 0.12 

2.40 0.09 

3.77 

0.12 

2.30 

0.09 

2.86 

0.19 

0.51 

0.07 

0.57 

0.05 

186 

26.17 

73.73 0.24 

13.35 0.12 

2.51 0.10 

3.77 

0.12 

2.36 

0.09 

2.85 

0.19 

0.50 

0.07 

0.61 

0.06 

187 

26.47 

73.76 0.24 

13.32 0.12 

2.50 0.10 

3.81 

0.13 

2.28 

0.09 

2.87 

0.19 

0.45 

0.06 

0.62 

0.06 

188 

26.77 

73.68 0.24 

13.40 0.12 

2.55 0.10 

3.79 

0.13 

2.27 

0.09 

2.82 

0.19 

0.44 

0.06 

0.61 

0.06 

189 

27.07 

73.64 0.24 

13.35 0.12 

2.52 0.10 

3.79 

0.12 

2.28 

0.09 

2.94 

0.19 

0.53 

0.07 

0.59 

0.06 

190 

27.37 

73.79 0.24 

13.29 0.12 

2.44 0.10 

3.83 

0.13 

2.35 

0.09 

2.81 

0.19 

0.45 

0.06 

0.61 

0.06 

191 

27.67 

73.82 0.24 

13.37 0.12 

2.49 0.10 

3.81 

0.13 

2.28 

0.09 

2.75 

0.18 

0.47 

0.06 

0.62 

0.06 
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Agglomerate U4.1 


Table J.25: Major element compositions (as wt.% oxides) from a line traverse across the interface of surface 
agglomerate U4.1 (from agglomerate U4.1 to host U4) extracted from quantified EDS compositional maps. 
The EDS compositional maps were collected at a resolution of 6.5 pixels/pm. The smoothing width for this 
traverse was 200 pixels (30.9 pm) wide. This is a Si interface and has been centered at x = 0 based on the 
SiC >2 maximum. Peak points within 2a of the Si02 maximum are ^J^lighted in yellc^. Uncertainties are 
2SEOM. However, there is no significant enrichment at the interface, so x = 0 may not correspond to the 
exact location of the interface. 


Position 

Pt. (fnn) SiC>2 2cr AI2O3 2(7 
I -18.84 


2 -18.69 

3 -18.53 

4 -18.38 

5 -18.22 

6 -18.07 

7 -17.91 

8 -17.76 

9 -17.61 

10 -17.45 

11 -17.30 

12 -17.14 

13 -16.99 

14 -16.83 

15 -16.68 

16 -16.52 

17 -16.37 

18 -16.22 

19 -16.06 

20 -15.91 

21 -15.75 

22 -15.60 

23 -15.44 

24 -15.29 

25 -15.13 

26 -14.98 

27 -14.83 

28 -14.67 

29 -14.52 

30 -14.36 

31 -14.21 

32 -14.05 

33 -13.90 

34 -13.74 

35 -13.59 

36 -13.44 

37 -13.28 

38 -13.13 

39 -12.97 

40 -12.82 

41 -12.66 

42 -12.51 

43 -12.36 

44 -12.20 

45 -12.05 

46 -11.89 

47 -11.74 

48 -11.58 

49 -11.43 


74.74 0.15 
75.12 0.15 
75.09 0.15 
75.19 0.15 

74.79 0.15 
74.84 0.15 

74.88 0.15 

74.87 0.15 
74.91 0.15 
74.98 0.15 
74.78 0.15 

74.89 0.15 
74.63 0.15 
74.54 0.15 

74.66 0.15 

74.73 0.15 
74.69 0.15 

74.69 0.15 

74.61 0.15 
74.76 0.15 

74.80 0.15 

74.67 0.15 

74.68 0.15 
74.68 0.15 
74.57 0.15 

74.70 0.15 

74.74 0.15 

74.72 0.15 
74.57 0.15 
74.76 0.15 

74.62 0.15 
74.91 0.15 

74.90 0.15 

74.84 0.15 

74.88 0.15 
74.98 0.15 

74.81 0.15 
74.74 0.15 

74.73 0.15 

74.82 0.15 

74.97 0.15 
74.88 0.15 

74.85 0.15 

74.98 0.15 
75.04 0.15 

74.99 0.15 
74.95 0.15 
74.97 0.15 
75.05 0.15 


13.56 0.09 
13.61 0.09 
13.59 0.09 

13.50 0.08 
13.53 0.08 

13.51 0.08 

13.63 0.09 
13.53 0.08 

13.64 0.09 

13.53 0.08 

13.57 0.09 
13.69 0.09 
13.74 0.09 

13.64 0.09 

13.65 0.09 

13.65 0.09 

13.63 0.09 
13.78 0.09 
13.80 0.09 

13.74 0.09 

13.66 0.09 

13.66 0.09 
13.68 0.09 
13.73 0.09 

13.72 0.09 

13.64 0.09 

13.65 0.09 

13.52 0.08 
13.63 0.09 

13.75 0.09 
13.86 0.09 

13.67 0.09 
13.57 0.09 
13.71 0.09 

13.63 0.09 

13.59 0.09 

13.68 0.09 

13.73 0.09 

13.66 0.09 
13.57 0.09 

13.54 0.08 

13.64 0.09 

13.53 0.08 
13.61 0.09 
13.63 0.09 
13.56 0.09 
13.49 0.08 

13.60 0.09 
13.52 0.08 


Na 2 Q 

1.55 


1.54 

1.54 

1.53 
1.52 
1.49 
1.56 
1.58 

1.54 
1.63 
1.62 
1.56 
1.52 
1.49 


1.52 


1.54 


1.62 

1.52 

1.48 

1.52 


1.49 

1.51 

1.47 


2a K2O 2a CaO 2a FcO 2a Ti0 2 2a MgO 


0.06 2.44 0.06 


0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 


3.17 

3.14 

3.13 

3.17 

3.14 
3.05 
3.12 

3.11 
3.22 
3.21 

3.12 

3.13 

3.18 
3.17 

3.19 
3.19 


3.17 

3.14 

3.18 

3.12 

3.15 

3.16 

3.17 
3.14 
3.11 
3.14 
3.10 
3.10 

3.13 


3.14 

3.11 
3.19 

3.12 
3.19 
3.25 
3.21 
3.06 
3.12 

3.18 

3.19 
3.14 


2.46 

2.52 

2.50 

2.51 
2.50 

2.48 

2.47 

2.54 

2.49 
2.58 

2.55 

2.53 

2.52 

2.54 

2.48 
2.44 
2.46 
2.62 

2.56 

2.54 

2.55 
2.55 
2.58 
2.58 

2.55 

2.56 

2.50 
2.46 
2.46 

2.57 

2.41 

2.46 
2.44 

2.47 

2.48 
2.44 
2.37 

2.42 

2.41 
2.52 
2.48 
2.37 

2.42 
2.41 
2.41 
2.41 


0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.06 

0.06 

0.06 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.06 

0.06 

0.07 

0.06 

0.06 

0.06 


0.55 

0.46 

0.45 

0.47 

0.51 

0.44 

0.48 

0.48 

0.51 

0.49 

0.49 

0.47 

0.50 

0.46 

0.49 

0.47 

0.51 

0.50 

0.51 

0.49 

0.50 

0.49 

0.52 

0.51 

0.47 

0.52 

0.47 

0.55 

0.56 

0.55 

0.51 

0.45 

0.44 

0.53 

0.48 

0.50 

0.56 

0.49 

0.48 

0.49 

0.48 

0.53 

0.46 

0.47 

0.42 

0.56 

0.57 

0.45 

0.49 


0.05 

0.04 

0.04 

0.05 

0.05 

0.04 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.04 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.04 

0.04 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.04 

0.05 

0.04 

0.05 
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50 

51 

52 

53 

54 

55 

56 

57 

58 

59 


62 

63 

64 

65 

66 
67 


70 

71 

72 

73 

74 

75 

76 

77 

78 

79 


82 


85 

86 
87 


90 

91 

92 

94 

95 

96 

97 

98 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 
111 


-11.27 75.14 
11.12 75.04 
-10.97 75.03 
-10.81 75.10 
-10.66 75.26 
-10.50 75.30 
-10.35 75.22 
-10.19 75.28 
-10.04 74.99 
-9.88 75.06 
-9.73 75.01 
-9.58 75.21 
-9.42 75.20 
-9.27 75.41 
-9.11 75.19 
-8.96 75.24 
-8.80 75.36 
-8.65 75.20 
-8.49 75.08 
-8.34 75.23 
-8.19 75.37 
-8.03 75.37 
-7.88 75.28 
-7.72 75.37 
-7.57 75.35 
-7.41 75.16 
-7.26 75.16 
-7.10 75.39 
-6.95 75.20 
-6.80 75.30 
-6.64 75.37 
-6.49 75.25 
-6.33 75.15 
-6.18 75.21 
-6.02 75.31 
-5.87 75.41 
-5.71 75.31 
-5.56 75.30 
-5.41 75.18 
-5.25 75.26 
-5.10 75.15 
-4.94 75.49 
-4.79 75.46 
-4.63 75.42 
-4.48 75.34 
-4.32 75.44 
-4.17 75.33 
-4.02 75.29 
-3.86 75.40 
-3.71 75.48 
-3.55 75.31 
-3.40 75.46 
-3.24 75.39 
-3.09 75.32 
-2.93 75.43 
-2.78 75.31 
-2.63 75.55 
-2.47 75.57 
-2.32 75.43 
-2.16 75.38 
-2.01 75.56 
-1.85 75.57 


0.15 13.53 

0.15 13.52 

0.15 13.51 

0.15 13.50 

0.15 13.51 

0.15 13.52 

0.15 13.51 

0.15 13.44 

0.15 13.51 

0.15 13.51 

0.15 13.35 

0.15 13.49 

0.15 13.54 

0.15 13.46 

0.15 13.43 

0.15 13.50 

0.15 13.39 

0.15 13.35 

0.15 13.40 

0.15 13.36 

0.15 13.39 

0.15 13.38 

0.15 13.35 

0.15 13.38 

0.15 13.45 

0.15 13.52 

0.15 13.48 

0.15 13.43 

0.15 13.52 

0.15 13.53 

0.15 13.48 

0.15 13.47 

0.15 13.41 

0.15 13.45 

0.15 13.42 

0.15 13.45 

0.15 13.44 

0.15 13.48 

0.15 13.39 

0.15 13.48 

0.15 13.48 

0.15 13.42 

0.15 13.49 

0.15 13.42 

0.15 13.38 

0.15 13.50 

0.15 13.52 

0.15 13.48 

0.15 13.48 

0.15 13.52 

0.15 13.52 

0.15 13.51 

0.15 13.51 

0.15 13.55 

0.15 13.41 

0.15 13.48 

0.15 13.45 

0.15 13.53 

0.15 13.54 

0.15 13.46 

0.15 13.49 

0.15 13.47 


1.50 0.05 
1.61 0.05 
1.53 0.05 

1.50 0.05 
1.49 0.05 

1.46 0.05 

1.48 0.05 
1.44 0.05 
1.57 0.05 

1.51 0.05 
1.51 0.05 

1.47 0.05 

1.49 0.05 

1.49 0.05 

1.48 0.05 
1.51 0.05 
1.47 0.05 

1.50 0.05 

1.47 0.05 
1.44 0.04 

1.48 0.05 

1.53 0.05 

1.54 0.05 

1.47 0.05 

1.44 0.04 

1.51 0.05 

1.45 0.05 
1.50 0.05 

1.50 0.05 

1.42 0.04 

1.46 0.05 
1.46 0.05 

1.43 0.04 

1.44 0.04 

1.48 0.05 

1.51 0.05 

1.55 0.05 
1.50 0.05 

1.49 0.05 

1.45 0.05 
1.48 0.05 

1.45 0.05 

1.48 0.05 

1.53 0.05 

1.46 0.05 

1.49 0.05 
1.49 0.05 

1.54 0.05 

1.52 0.05 
1.48 0.05 

1.48 0.05 

1.43 0.04 

1.49 0.05 
1.54 0.05 
1.49 0.05 

1.47 0.05 
1.52 0.05 
1.47 0.05 
1.49 0.05 

1.44 0.04 
1.46 0.05 
1.49 0.05 


3.15 0.06 
3.15 0.06 
3.21 0.06 

3.14 0.06 
3.09 0.06 
3.05 0.06 

3.11 0.06 

3.20 0.06 

3.21 0.06 

3.24 0.06 

3.17 0.06 

3.18 0.06 
3.17 0.06 
3.17 0.06 

3.19 0.06 

3.19 0.06 
3.09 0.06 

3.17 0.06 

3.25 0.06 
3.30 0.06 

3.20 0.06 

3.15 0.06 

3.15 0.06 
3.13 0.06 

3.21 0.06 
3.13 0.06 

3.28 0.06 

3.29 0.06 

3.24 0.06 

3.22 0.06 

3.12 0.06 

3.20 0.06 
3.27 0.06 

3.30 0.06 

3.25 0.06 

3.16 0.06 

3.27 0.06 

3.22 0.06 

3.21 0.06 

3.23 0.06 

3.18 0.06 

3.33 0.06 
3.25 0.06 

3.28 0.06 
3.35 0.06 

3.31 0.06 
3.27 0.06 
3.30 0.06 

3.27 0.06 

3.25 0.06 

3.29 0.06 

3.26 0.06 

3.22 0.06 
3.21 0.06 

3.30 0.06 

3.34 0.06 
3.39 0.06 

3.28 0.06 

3.29 0.06 

3.24 0.06 
3.28 0.06 

3.25 0.06 


2.42 0.06 
2.31 0.06 

2.37 0.06 

2.43 0.06 

2.38 0.06 
2.43 0.06 
2.42 0.06 
2.40 0.06 

2.35 0.06 

2.36 0.06 
2.45 0.06 
2.40 0.06 
2.31 0.06 
2.34 0.06 
2.36 0.06 
2.19 0.06 
2.28 0.06 
2.34 0.06 
2.28 0.06 
2.33 0.06 

2.39 0.06 
2.39 0.06 

2.31 0.06 
2.28 0.06 

2.29 0.06 
2.33 0.06 

2.32 0.06 

2.23 0.06 
2.27 0.06 
2.26 0.06 

2.30 0.06 
2.30 0.06 
2.30 0.06 
2.27 0.06 

2.25 0.06 

2.24 0.06 
2.21 0.06 
2.16 0.06 
2.30 0.06 
2.30 0.06 

2.26 0.06 
2.23 0.06 

2.17 0.06 
2.16 0.06 

2.23 0.06 

2.24 0.06 
2.26 0.06 

2.24 0.06 

2.25 0.06 

2.18 0.06 
2.23 0.06 
2.18 0.06 
2.15 0.06 
2.19 0.06 
2.25 0.06 
2.22 0.06 

2.14 0.06 
2.21 0.06 

2.15 0.06 
2.21 0.06 
2.19 0.06 
2.22 0.06 


2.91 0.10 
3.03 0.10 
3.00 0.10 
2.94 0.10 

2.89 0.10 
2.81 0.10 
2.87 0.10 
2.82 0.10 

2.92 0.10 
2.87 0.10 
3.06 0.11 
2.85 0.10 
2.85 0.10 

2.75 0.10 
2.96 0.10 
2.94 0.10 

2.96 0.10 

2.97 0.10 

2.98 0.10 

2.91 0.10 

2.84 0.10 

2.90 0.10 
2.96 0.10 
3.00 0.10 

2.85 0.10 

2.92 0.10 
2.83 0.10 
2.79 0.10 

2.87 0.10 
2.82 0.10 
2.89 0.10 
2.94 0.10 
3.01 0.10 

2.88 0.10 
2.83 0.10 
2.81 0.10 

2.76 0.10 
2.92 0.10 
2.96 0.10 
2.85 0.10 
2.88 0.10 
2.66 0.09 

2.71 0.09 
2.78 0.10 

2.72 0.09 

2.63 0.09 
2.65 0.09 
2.71 0.09 

2.64 0.09 
2.60 0.09 

2.68 0.09 
2.76 0.10 
2.89 0.10 
2.75 0.10 
2.62 0.09 

2.73 0.09 
2.60 0.09 
2.58 0.09 
2.70 0.09 
2.78 0.10 

2.69 0.09 

2.65 0.09 


0.45 0.04 
0.45 0.04 
0.50 0.05 
0.46 0.04 
0.45 0.04 
0.47 0.05 
0.49 0.05 
0.45 0.04 
0.53 0.05 
0.54 0.05 
0.51 0.05 
0.48 0.05 
0.43 0.04 
0.46 0.04 
0.48 0.05 
0.52 0.05 
0.52 0.05 
0.49 0.05 
0.55 0.05 
0.50 0.05 
0.42 0.04 
0.45 0.04 
0.49 0.05 
0.46 0.05 
0.44 0.04 
0.51 0.05 
0.50 0.05 
0.49 0.05 
0.48 0.05 
0.48 0.05 
0.54 0.05 
0.47 0.05 
0.51 0.05 
0.51 0.05 
0.50 0.05 
0.47 0.05 
0.51 0.05 
0.50 0.05 
0.55 0.05 
0.52 0.05 
0.61 0.06 
0.52 0.05 
0.54 0.05 
0.49 0.05 
0.51 0.05 
0.44 0.04 
0.47 0.05 
0.49 0.05 
0.55 0.05 
0.56 0.05 
0.50 0.05 
0.46 0.05 
0.50 0.05 
0.51 0.05 
0.54 0.05 
0.54 0.05 
0.50 0.05 
0.49 0.05 
0.48 0.05 
0.53 0.05 
0.48 0.05 
0.49 0.05 


0.56 0.04 
0.52 0.04 
0.50 0.03 
0.56 0.04 
0.56 0.04 
0.51 0.03 
0.53 0.04 
0.55 0.04 
0.56 0.04 
0.56 0.04 
0.56 0.04 
0.57 0.04 
0.60 0.04 
0.53 0.04 
0.53 0.04 
0.57 0.04 
0.55 0.04 
0.60 0.04 
0.61 0.04 
0.55 0.04 
0.55 0.04 
0.51 0.04 
0.55 0.04 
0.56 0.04 
0.60 0.04 
0.57 0.04 
0.58 0.04 
0.54 0.04 
0.57 0.04 
0.56 0.04 
0.52 0.04 
0.53 0.04 
0.55 0.04 
0.59 0.04 
0.54 0.04 
0.53 0.04 
0.52 0.04 
0.58 0.04 
0.55 0.04 
0.55 0.04 
0.58 0.04 
0.54 0.04 
0.55 0.04 
0.58 0.04 
0.63 0.04 
0.58 0.04 
0.56 0.04 
0.56 0.04 
0.54 0.04 
0.55 0.04 
0.57 0.04 
0.53 0.04 
0.55 0.04 
0.55 0.04 
0.56 0.04 
0.52 0.04 
0.50 0.03 
0.52 0.04 
0.57 0.04 
0.56 0.04 
0.52 0.04 
0.53 0.04 
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560 


112 - 1.70 75.48 0.15 13.49 

113 - 1.54 75.58 0.15 13.47 

114 - 1.39 75.49 0.15 13.56 

115 - 1.24 75.40 0.15 13.49 

116 - 1.08 75.33 0.15 13.47 

117 - 0.93 75.51 0.15 13.42 

118 - 0.77 75.48 0.15 13.48 

119 - 0.62 75.48 0.15 13.52 

120 - 0.46 75.48 0.15 13.49 

121 - 0.31 75.41 0.15 13.50 


1.48 0.05 

1.51 0.05 

1.49 0.05 
1.41 0.04 
1.46 0.05 
1.48 0.05 

1.52 0.05 

1.52 0.05 

1.53 0.05 
1.53 0.05 


3.24 0.06 

3.25 0.06 
3.38 0.06 
3.33 0.06 
3.32 0.06 
3.29 0.06 
3.29 0.06 
3.35 0.06 
3.31 0.06 
3.42 0.06 


2.27 0.06 
2.23 0.06 
2.06 0.05 
2.18 0.06 
2.17 0.06 
2.19 0.06 
2.16 0.06 
2.15 0.06 
2.15 0.06 
2.21 0.06 


2.68 0.09 
2.59 0.09 

2.59 0.09 
2.72 0.09 
2.77 0.10 
2.56 0.09 
2.65 0.09 

2.60 0.09 
2.58 0.09 
2.50 0.09 


0.49 0.05 
0.50 0.05 
0.51 0.05 
0.54 0.05 
0.54 0.05 
0.52 0.05 
0.50 0.05 
0.48 0.05 
0.52 0.05 
0.47 0.05 


0.54 0.04 
0.52 0.04 
0.56 0.04 
0.58 0.04 
0.55 0.04 
0.62 0.04 
0.54 0.04 
0.54 0.04 
0.55 0.04 
0.53 0.04 


0.00 75.80 0.15 13.42 

0.15 75.63 0.15 13.48 

0.31 75.55 0.15 13.51 

0.46 75.73 0.15 13.42 


1.51 0.05 3.32 

1.50 0.05 3.33 

1.53 0.05 3.28 

1.51 0.05 3.32 


2.11 0.06 2.54 0.09 0.45 0.04 0.49 0.03 

2.16 0.06 2.60 0.09 0.42 0.04 0.53 0.04 

2.17 0.06 2.58 0.09 0.47 0.05 0.52 0.04 

2.17 0.06 2.49 0.09 0.47 0.05 0.55 0.04 


127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 
161 
162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 


0.62 75.51 
0.77 75.49 
0.93 75.56 
1.08 75.44 

1.24 75.49 

1.39 75.56 

1.54 75.41 

1.70 75.45 

1.85 75.62 

2.01 75.39 

2.16 75.43 

2.32 75.33 

2.47 75.12 

2.62 75.26 

2.78 74.91 

2.93 75.17 
3.09 75.18 

3.24 74.83 

3.40 74.79 

3.55 74.82 

3.71 74.60 

3.86 74.42 
4.02 74.57 

4.17 74.59 

4.32 74.59 

4.48 74.50 

4.63 74.50 

4.79 74.56 

4.94 74.49 

5.10 74.17 

5.25 74.18 

5.41 74.16 

5.56 74.07 

5.71 73.93 

5.87 73.62 
6.02 73.64 

6.18 73.77 

6.33 73.56 

6.49 73.39 

6.64 73.11 

6.80 73.13 

6.95 73.09 

7.10 72.90 

7.26 72.86 

7.41 72.66 

7.57 72.58 

7.72 72.41 


0.15 13.50 

0.15 13.53 

0.15 13.56 

0.15 13.49 

0.15 13.43 

0.15 13.53 

0.15 13.61 

0.15 13.61 

0.15 13.56 

0.15 13.63 

0.15 13.62 

0.15 13.62 

0.15 13.73 

0.15 13.62 

0.15 13.69 

0.15 13.71 

0.15 13.69 

0.15 13.80 

0.15 13.72 

0.15 13.73 

0.15 13.85 

0.15 13.84 

0.15 13.95 

0.15 14.05 

0.15 14.00 

0.15 13.92 

0.15 13.99 

0.15 14.02 

0.15 14.04 

0.15 14.07 

0.15 14.12 

0.15 14.09 

0.15 14.10 

0.15 14.15 

0.15 14.24 

0.15 14.23 

0.15 14.30 

0.15 14.48 

0.15 14.41 

0.15 14.47 

0.15 14.55 

0.15 14.46 

0.15 14.58 

0.15 14.68 

0.15 14.75 

0.15 14.80 

0.14 14.90 


1.51 0.05 
1.45 0.05 
1.49 0.05 
1.53 0.05 

1.52 0.05 
1.52 0.05 

1.55 0.05 

1.52 0.05 

1.53 0.05 

1.54 0.05 
1.53 0.05 
1.57 0.05 
1.60 0.05 
1.57 0.05 
1.63 0.05 
1.60 0.05 
1.57 0.05 

1.62 0.05 
1.66 0.05 

1.60 0.05 
1.72 0.05 

1.72 0.05 

1.63 0.05 

1.56 0.05 

1.61 0.05 

1.63 0.05 
1.66 0.05 

1.64 0.05 
1.61 0.05 

1.65 0.05 

1.70 0.05 

1.69 0.05 

1.66 0.05 

1.73 0.05 

1.73 0.05 

1.71 0.05 

1.70 0.05 

1.72 0.05 
1.75 0.05 
1.78 0.06 
1.78 0.06 
1.78 0.06 
1.78 0.06 
1.86 0.06 

1.83 0.06 

1.74 0.05 

1.84 0.06 


3.34 0.06 

3.33 0.06 
3.38 0.06 

3.38 0.06 
3.32 0.06 

3.34 0.06 
3.32 0.06 
3.30 0.06 
3.42 0.06 
3.41 0.06 

3.39 0.06 
3.28 0.06 

3.32 0.06 
3.38 0.06 
3.41 0.06 

3.30 0.06 

3.31 0.06 
3.45 0.06 
3.45 0.06 
3.36 0.06 
3.38 0.06 
3.45 0.06 

3.40 0.06 
3.38 0.06 
3.28 0.06 
3.40 0.06 

3.31 0.06 

3.33 0.06 
3.33 0.06 

3.32 0.06 

3.30 0.06 

3.31 0.06 
3.36 0.06 

3.32 0.06 

3.31 0.06 

3.32 0.06 
3.28 0.06 

3.33 0.06 

3.35 0.06 
3.32 0.06 

3.32 0.06 

3.36 0.06 
3.40 0.06 
3.30 0.06 

3.33 0.06 

3.34 0.06 

3.35 0.06 


2.14 0.06 
2.18 0.06 

2.15 0.06 
2.22 0.06 
2.22 0.06 
2.22 0.06 
2.17 0.06 
2.20 0.06 

2.19 0.06 

2.20 0.06 
2.17 0.06 
2.32 0.06 
2.29 0.06 
2.34 0.06 
2.36 0.06 
2.29 0.06 
2.32 0.06 

2.31 0.06 

2.32 0.06 
2.42 0.06 
2.48 0.06 
2.47 0.06 

2.47 0.06 

2.48 0.06 

2.50 0.07 
2.53 0.07 

2.49 0.07 
2.53 0.07 

2.51 0.07 
2.60 0.07 
2.65 0.07 
2.67 0.07 
2.71 0.07 

2.70 0.07 

2.71 0.07 

2.77 0.07 
2.76 0.07 

2.78 0.07 
2.83 0.07 
3.04 0.08 
2.99 0.08 
2.93 0.08 
2.97 0.08 
3.01 0.08 
3.11 0.08 
3.22 0.08 
3.14 0.08 


2.60 0.09 

2.61 0.09 
2.49 0.09 

2.53 0.09 
2.65 0.09 
2.46 0.09 
2.52 0.09 
2.52 0.09 

2.42 0.08 

2.43 0.08 
2.46 0.09 

2.44 0.08 
2.55 0.09 

2.54 0.09 
2.59 0.09 
2.52 0.09 

2.49 0.09 

2.50 0.09 
2.63 0.09 

2.59 0.09 

2.55 0.09 

2.67 0.09 

2.60 0.09 

2.56 0.09 

2.57 0.09 
2.57 0.09 

2.68 0.09 

2.61 0.09 

2.69 0.09 
2.75 0.10 
2.72 0.09 
2.71 0.09 

2.70 0.09 
2.75 0.10 
2.95 0.10 
2.91 0.10 
2.75 0.10 
2.69 0.09 
2.77 0.10 
2.80 0.10 
2.75 0.10 
2.90 0.10 

2.90 0.10 
2.79 0.10 
2.86 0.10 
2.89 0.10 

2.91 0.10 


0.53 0.05 
0.47 0.05 
0.48 0.05 
0.46 0.05 
0.50 0.05 
0.48 0.05 
0.49 0.05 
0.56 0.05 
0.46 0.04 
0.52 0.05 
0.53 0.05 
0.52 0.05 
0.49 0.05 
0.47 0.05 
0.52 0.05 
0.52 0.05 
0.53 0.05 
0.53 0.05 
0.51 0.05 
0.53 0.05 
0.51 0.05 
0.57 0.06 
0.51 0.05 
0.52 0.05 
0.51 0.05 
0.53 0.05 
0.49 0.05 
0.47 0.05 
0.48 0.05 
0.53 0.05 
0.45 0.04 
0.48 0.05 
0.55 0.05 
0.51 0.05 
0.53 0.05 
0.52 0.05 
0.54 0.05 
0.47 0.05 
0.54 0.05 
0.47 0.05 
0.46 0.04 
0.51 0.05 
0.49 0.05 
0.52 0.05 
0.56 0.05 
0.53 0.05 
0.51 0.05 


0.49 0.03 
0.55 0.04 
0.53 0.04 
0.53 0.04 
0.52 0.04 
0.53 0.04 
0.57 0.04 
0.52 0.04 
0.51 0.03 
0.53 0.04 
0.52 0.04 
0.55 0.04 
0.52 0.04 
0.48 0.03 
0.55 0.04 
0.53 0.04 
0.52 0.04 
0.55 0.04 
0.54 0.04 
0.56 0.04 
0.53 0.04 
0.48 0.03 
0.50 0.03 
0.51 0.03 
0.57 0.04 
0.55 0.04 
0.51 0.03 
0.49 0.03 
0.50 0.03 
0.51 0.03 
0.51 0.03 
0.52 0.04 
0.49 0.03 
0.50 0.03 
0.56 0.04 
0.57 0.04 
0.58 0.04 
0.61 0.04 
0.59 0.04 
0.60 0.04 
0.57 0.04 
0.53 0.04 
0.59 0.04 
0.61 0.04 
0.54 0.04 
0.54 0.04 
0.58 0.04 
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174 7.88 72.25 0.14 14.89 0.09 1.92 0.06 

G EDS MAPS 

3.29 0.06 3.24 0.08 

2.90 

0.10 

0.52 

0.05 

0.60 

561 

0.04 

175 

8.03 

72.46 

0.14 

14.84 

0.09 

1.89 

0.06 

3.22 

0.06 3.19 

0.08 

2.95 

0.10 

0.49 

0.05 

0.60 

0.04 

176 

8.19 

72.22 

0.14 

14.96 

0.09 

1.86 

0.06 

3.28 

0.06 3.25 

0.08 

3.04 

0.11 

0.49 

0.05 

0.54 

0.04 

177 

8.34 

72.24 

0.14 

15.06 

0.09 

1.83 

0.06 

3.18 

0.06 3.21 

0.08 

2.99 

0.10 

0.57 

0.06 

0.54 

0.04 

178 

8.49 

72.04 

0.14 

15.10 

0.09 

1.84 

0.06 

3.23 

0.06 3.21 

0.08 

3.07 

0.11 

0.54 

0.05 

0.57 

0.04 

179 

8.65 

71.85 

0.14 

15.09 

0.09 

1.81 

0.06 

3.27 

0.06 3.29 

0.09 

3.07 

0.11 

0.54 

0.05 

0.62 

0.04 

180 

8.80 

71.86 

0.14 

15.10 

0.09 

1.89 

0.06 

3.23 

0.06 3.37 

0.09 

3.02 

0.10 

0.54 

0.05 

0.60 

0.04 

181 

8.96 

71.95 

0.14 

15.10 

0.09 

1.91 

0.06 

3.27 

0.06 3.30 

0.09 

2.98 

0.10 

0.54 

0.05 

0.60 

0.04 

182 

9.11 

72.10 

0.14 

15.04 

0.09 

1.93 

0.06 

3.30 

0.06 3.25 

0.08 

2.95 

0.10 

0.58 

0.06 

0.54 

0.04 

183 

9.27 

71.95 

0.14 

15.00 

0.09 

1.81 

0.06 

3.29 

0.06 3.35 

0.09 

3.12 

0.11 

0.56 

0.05 

0.57 

0.04 

184 

9.42 

71.86 

0.14 

15.16 

0.10 

1.82 

0.06 

3.25 

0.06 3.43 

0.09 

3.00 

0.10 

0.51 

0.05 

0.61 

0.04 

185 

9.58 

71.91 

0.14 

15.12 

0.09 

1.86 

0.06 

3.26 

0.06 3.43 

0.09 

2.87 

0.10 

0.49 

0.05 

0.65 

0.04 

186 

9.73 

71.91 

0.14 

15.05 

0.09 

1.92 

0.06 

3.24 

0.06 3.47 

0.09 

2.88 

0.10 

0.53 

0.05 

0.63 

0.04 

187 

9.88 

71.86 

0.14 

15.13 

0.09 

1.93 

0.06 

3.24 

0.06 3.33 

0.09 

2.95 

0.10 

0.55 

0.05 

0.59 

0.04 

188 

10.04 

71.71 

0.14 

14.97 

0.09 

1.90 

0.06 

3.29 

0.06 3.50 

0.09 

3.12 

0.11 

0.49 

0.05 

0.63 

0.04 

189 

10.19 

71.88 

0.14 

15.08 

0.09 

1.90 

0.06 

3.16 

0.06 3.38 

0.09 

3.14 

0.11 

0.53 

0.05 

0.58 

0.04 

190 

10.35 

71.75 

0.14 

15.08 

0.09 

1.95 

0.06 

3.25 

0.06 3.40 

0.09 

3.05 

0.11 

0.52 

0.05 

0.62 

0.04 

191 

10.50 

71.88 

0.14 

14.97 

0.09 

1.87 

0.06 

3.38 

0.06 3.45 

0.09 

2.93 

0.10 

0.55 

0.05 

0.62 

0.04 

192 

10.66 

71.90 

0.14 

15.01 

0.09 

1.86 

0.06 

3.29 

0.06 3.45 

0.09 

2.99 

0.10 

0.52 

0.05 

0.57 

0.04 

193 

10.81 

71.88 

0.14 

15.06 

0.09 

1.86 

0.06 

3.23 

0.06 3.43 

0.09 

2.96 

0.10 

0.53 

0.05 

0.62 

0.04 

194 

10.96 

71.88 

0.14 

15.01 

0.09 

1.93 

0.06 

3.27 

0.06 3.42 

0.09 

2.93 

0.10 

0.51 

0.05 

0.64 

0.04 

195 

11.12 

71.90 

0.14 

15.07 

0.09 

1.90 

0.06 

3.31 

0.06 3.39 

0.09 

2.97 

0.10 

0.51 

0.05 

0.59 

0.04 

196 

11.27 

71.96 

0.14 

14.99 

0.09 

1.88 

0.06 

3.36 

0.06 3.39 

0.09 

2.94 

0.10 

0.52 

0.05 

0.57 

0.04 

197 

11.43 

71.80 

0.14 

14.99 

0.09 

1.92 

0.06 

3.28 

0.06 3.50 

0.09 

3.02 

0.10 

0.47 

0.05 

0.64 

0.04 

198 

11.58 

71.61 

0.14 

14.95 

0.09 

1.85 

0.06 

3.33 

0.06 3.56 

0.09 

3.07 

0.11 

0.53 

0.05 

0.68 

0.05 

199 

11.74 

71.74 

0.14 

15.01 

0.09 

1.88 

0.06 

3.38 

0.06 3.49 

0.09 

2.97 

0.10 

0.50 

0.05 

0.60 

0.04 

200 

11.89 

71.93 

0.14 

14.86 

0.09 

1.91 

0.06 

3.33 

0.06 3.45 

0.09 

3.05 

0.11 

0.49 

0.05 

0.60 

0.04 

201 

12.05 

71.93 

0.14 

15.00 

0.09 

1.86 

0.06 

3.31 

0.06 3.47 

0.09 

2.98 

0.10 

0.50 

0.05 

0.58 

0.04 

202 

12.20 

71.90 

0.14 

15.06 

0.09 

1.85 

0.06 

3.28 

0.06 3.48 

0.09 

2.95 

0.10 

0.51 

0.05 

0.59 

0.04 

203 

12.36 

72.08 

0.14 

15.16 

0.10 

1.86 

0.06 

3.30 

0.06 3.37 

0.09 

2.76 

0.10 

0.49 

0.05 

0.57 

0.04 

204 

12.51 

72.05 

0.14 

14.96 

0.09 

1.87 

0.06 

3.29 

0.06 3.48 

0.09 

2.89 

0.10 

0.53 

0.05 

0.56 

0.04 

205 

12.66 

71.96 

0.14 

14.90 

0.09 

1.84 

0.06 

3.29 

0.06 3.54 

0.09 

3.07 

0.11 

0.47 

0.05 

0.59 

0.04 

206 

12.82 

72.11 

0.14 

14.90 

0.09 

1.94 

0.06 

3.30 

0.06 3.39 

0.09 

2.91 

0.10 

0.52 

0.05 

0.59 

0.04 

207 

12.97 

72.06 

0.14 

14.75 

0.09 

1.92 

0.06 

3.36 

0.06 3.46 

0.09 

2.97 

0.10 

0.50 

0.05 

0.64 

0.04 

208 

13.13 

71.99 

0.14 

14.84 

0.09 

1.91 

0.06 

3.33 

0.06 3.38 

0.09 

3.02 

0.10 

0.58 

0.06 

0.57 

0.04 

209 

13.28 

72.10 

0.14 

14.82 

0.09 

1.92 

0.06 

3.32 

0.06 3.41 

0.09 

2.94 

0.10 

0.52 

0.05 

0.55 

0.04 

210 

13.44 

72.38 

0.14 

14.83 

0.09 

1.89 

0.06 

3.29 

0.06 3.36 

0.09 

2.87 

0.10 

0.45 

0.04 

0.56 

0.04 

211 

13.59 

72.32 

0.14 

14.77 

0.09 

1.87 

0.06 

3.29 

0.06 3.38 

0.09 

2.95 

0.10 

0.49 

0.05 

0.58 

0.04 

212 

13.75 

72.29 

0.14 

14.84 

0.09 

1.93 

0.06 

3.28 

0.06 3.42 

0.09 

2.80 

0.10 

0.47 

0.05 

0.61 

0.04 

213 

13.90 

72.21 

0.14 

14.74 

0.09 

1.90 

0.06 

3.25 

0.06 3.37 

0.09 

3.04 

0.11 

0.52 

0.05 

0.60 

0.04 

214 

14.05 

72.27 

0.14 

14.71 

0.09 

1.91 

0.06 

3.29 

0.06 3.43 

0.09 

2.92 

0.10 

0.51 

0.05 

0.59 

0.04 

215 

14.21 

72.28 

0.14 

14.73 

0.09 

1.89 

0.06 

3.29 

0.06 3.40 

0.09 

2.90 

0.10 

0.51 

0.05 

0.62 

0.04 

216 

14.36 

72.40 

0.14 

14.75 

0.09 

1.86 

0.06 

3.30 

0.06 3.37 

0.09 

2.86 

0.10 

0.52 

0.05 

0.64 

0.04 

217 

14.52 

72.34 

0.14 

14.64 

0.09 

1.91 

0.06 

3.37 

0.06 3.41 

0.09 

2.88 

0.10 

0.51 

0.05 

0.59 

0.04 

218 

14.67 

72.35 

0.14 

14.72 

0.09 

1.85 

0.06 

3.38 

0.06 3.37 

0.09 

2.91 

0.10 

0.50 

0.05 

0.58 

0.04 

219 

14.83 

72.65 

0.15 

14.61 

0.09 

1.82 

0.06 

3.23 

0.06 3.20 

0.08 

2.95 

0.10 

0.59 

0.06 

0.63 

0.04 

220 

14.98 

72.18 

0.14 

14.64 

0.09 

1.85 

0.06 

3.30 

0.06 3.49 

0.09 

3.01 

0.10 

0.50 

0.05 

0.63 

0.04 

221 

15.13 

72.34 

0.14 

14.66 

0.09 

1.87 

0.06 

3.27 

0.06 3.47 

0.09 

2.88 

0.10 

0.52 

0.05 

0.58 

0.04 

222 

15.29 

72.43 

0.14 

14.71 

0.09 

1.79 

0.06 

3.38 

0.06 3.41 

0.09 

2.87 

0.10 

0.47 

0.05 

0.59 

0.04 

223 

15.44 

72.32 

0.14 

14.60 

0.09 

1.89 

0.06 

3.30 

0.06 3.45 

0.09 

2.89 

0.10 

0.50 

0.05 

0.61 

0.04 

224 

15.60 

72.36 

0.14 

14.48 

0.09 

1.88 

0.06 

3.32 

0.06 3.52 

0.09 

2.92 

0.10 

0.51 

0.05 

0.65 

0.04 

225 

15.75 

72.38 

0.14 

14.62 

0.09 

1.89 

0.06 

3.29 

0.06 3.36 

0.09 

2.96 

0.10 

0.52 

0.05 

0.59 

0.04 

226 

15.91 

72.48 

0.14 

14.61 

0.09 

1.90 

0.06 

3.28 

0.06 3.48 

0.09 

2.76 

0.10 

0.52 

0.05 

0.58 

0.04 

227 

16.06 

72.56 

0.15 

14.54 

0.09 

1.84 

0.06 

3.28 

0.06 3.42 

0.09 

2.93 

0.10 

0.51 

0.05 

0.56 

0.04 

228 

16.22 

72.60 

0.15 

14.51 

0.09 

1.89 

0.06 

3.22 

0.06 3.42 

0.09 

2.90 

0.10 

0.52 

0.05 

0.58 

0.04 

229 

16.37 

72.72 

0.15 

14.39 

0.09 

1.88 

0.06 

3.19 

0.06 3.40 

0.09 

2.96 

0.10 

0.50 

0.05 

0.56 

0.04 

230 

16.52 

72.68 

0.15 

14.27 

0.09 

1.95 

0.06 

3.35 

0.06 3.32 

0.09 

2.96 

0.10 

0.51 

0.05 

0.56 

0.04 

231 

16.68 

72.79 

0.15 

14.41 

0.09 

1.83 

0.06 

3.36 

0.06 3.40 

0.09 

2.81 

0.10 

0.46 

0.05 

0.58 

0.04 

232 

16.83 

72.66 

0.15 

14.42 

0.09 

1.82 

0.06 

3.39 

0.06 3.42 

0.09 

2.88 

0.10 

0.49 

0.05 

0.59 

0.04 

233 

16.99 

72.49 

0.14 

14.33 

0.09 

1.83 

0.06 

3.40 

0.06 3.40 

0.09 

3.06 

0.11 

0.51 

0.05 

0.61 

0.04 

234 

17.14 

72.66 

0.15 

14.38 

0.09 

1.85 

0.06 

3.33 

0.06 3.41 

0.09 

2.96 

0.10 

0.44 

0.04 

0.60 

0.04 

235 

17.30 

72.67 

0.15 

14.53 

0.09 

1.87 

0.06 

3.31 

0.06 3.40 

0.09 

2.75 

0.10 

0.44 

0.04 

0.64 

0.04 
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236 

17.45 72 

76 0.15 

14.40 

0.09 

1.89 0.06 

3.40 

0.06 

3.33 

0.09 

2.68 

0.09 

0.49 

0.05 

0.59 

0.04 

237 

17.61 72 

87 0.15 

14.41 

0.09 

1.91 0.06 

3.35 

0.06 

3.33 

0.09 

2.64 

0.09 

0.51 

0.05 

0.59 

0.04 

238 

17.76 72 

87 0.15 

14.41 

0.09 

1.85 0.06 

3.28 

0.06 

3.32 

0.09 

2.83 

0.10 

0.52 

0.05 

0.60 

0.04 

239 

17.91 72 

91 0.15 

14.32 

0.09 

1.77 0.06 

3.33 

0.06 

3.41 

0.09 

2.85 

0.10 

0.49 

0.05 

0.55 

0.04 

240 

18.07 72 

77 0.15 

14.30 

0.09 

1.80 0.06 

3.27 

0.06 

3.43 

0.09 

2.98 

0.10 

0.50 

0.05 

0.59 

0.04 

241 

18.22 72 

66 0.15 

14.36 

0.09 

1.88 0.06 

3.28 

0.06 

3.39 

0.09 

3.03 

0.10 

0.46 

0.05 

0.55 

0.04 

242 

18.38 72 

.69 0.15 

14.32 

0.09 

1.85 0.06 

3.24 

0.06 

3.39 

0.09 

3.08 

0.11 

0.48 

0.05 

0.57 

0.04 

243 

18.53 72 

.82 0.15 

14.27 

0.09 

1.85 0.06 

3.27 

0.06 

3.39 

0.09 

2.96 

0.10 

0.48 

0.05 

0.57 

0.04 

244 

18.69 72 

.81 0.15 

14.15 

0.09 

1.89 0.06 

3.31 

0.06 

3.46 

0.09 

2.90 

0.10 

0.52 

0.05 

0.58 

0.04 
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J.3 Interior Agglomerates 

Agglomerate FLD4.3.1 


Table J.26: Major element compositions (as wt.% oxides) from a line traverse across the interface of agglom¬ 
erate FLD4.3.1 (from agglomerate FLD4.3.1 to host FLD4.3) extracted from quantified EDS compositional 
maps. The EDS compositional maps were collected at a resolution of 3.5 pixels/pm. The smoothing width 
for this traverse was 50 pixels (14.4 pm) wide. This is a Si interface and has been centered at x = 0 based on 
the SiC>2 maximum. Peak points within 2cr of the Si02 maximum are Uncertainties 

are 2SEOM. 


Position 


Pt. (pm) S1O2 2(7 AI2O3 2(7 Na20 2cr K2O 2cr CaO 2(7 FcO 2cr T1O2 2(7 MgO 2(7 


2 

3 

4 

5 

6 


10 

11 

12 

13 

14 

15 

16 
17 


77.76 0.24 
78.00 0.25 

77.81 0.24 

77.29 0.24 
77.34 0.24 
77.41 0.24 
77.62 0.24 
77.64 0.24 
77.90 0.24 

77.82 0.24 
77.87 0.24 
78.02 0.25 
78.07 0.25 

78.30 0.25 
78.25 0.25 

78.15 0.25 

78.16 0.25 


11.87 0.18 
11.70 0.17 
12.06 0.18 
12.05 0.18 
11.90 0.18 
11.79 0.17 
11.94 0.18 

11.75 0.17 

11.76 0.17 
11.79 0.17 
11.65 0.17 
11.59 0.17 
11.57 0.17 
11.26 0.17 
11.42 0.17 
11.42 0.17 
11.20 0.17 


1.26 0.09 
1.26 0.09 
1.29 0.09 
1.26 0.09 

1.24 0.09 
1.28 0.09 
1.20 0.08 
1.21 0.08 

1.22 0.09 

1.23 0.09 

1.25 0.09 
1.19 0.08 
1.16 0.08 
1.11 0.08 
1.09 0.08 
1.18 0.08 
1.18 0.08 


4.33 0.10 
4.30 0.10 
4.11 0.10 

4.37 0.10 
4.29 0.10 
4.44 0.10 

4.40 0.10 
4.44 0.10 
4.28 0.10 
4.27 0.10 

4.38 0.10 
4.47 0.11 

4.39 0.10 
4.46 0.11 

4.41 0.10 

4.42 0.10 
4.52 0.11 


0.75 0.05 
0.80 0.05 
0.79 0.05 
0.84 0.05 
0.91 0.06 
0.89 0.06 
0.84 0.05 
0.79 0.05 
0.78 0.05 
0.77 0.05 
0.73 0.05 
0.72 0.05 
0.76 0.05 
0.84 0.05 
0.79 0.05 
0.80 0.05 
0.83 0.05 


2.93 0.21 

2.93 0.21 

2.94 0.21 
3.12 0.23 
3.19 0.23 
3.04 0.22 
2.89 0.21 
3.16 0.23 
3.05 0.22 
3.03 0.22 
2.94 0.21 
3.01 0.22 
3.04 0.22 
2.99 0.22 

2.93 0.21 

2.94 0.21 
3.04 0.22 


0.52 0.08 
0.46 0.07 
0.39 0.06 
0.51 0.08 
0.54 0.09 
0.56 0.09 
0.53 0.08 
0.49 0.08 
0.48 0.08 
0.55 0.09 
0.63 0.10 
0.53 0.08 
0.56 0.09 
0.56 0.09 
0.58 0.09 
0.55 0.09 
0.54 0.09 


0.57 0.06 
0.55 0.06 
0.60 0.06 
0.55 0.06 
0.58 0.06 
0.58 0.06 
0.59 0.06 
0.52 0.05 
0.54 0.06 
0.54 0.06 
0.55 0.06 
0.48 0.05 
0.46 0.05 
0.47 0.05 
0.52 0.05 
0.52 0.05 
0.53 0.06 


-1.15 79.02 0.25 
-0.86 78.74 0.25 
-0.57 78.53 0.25 
-0.29 78.90 0.25 
0.00 79.05 0.25 
0.29 78.87 0.25 
0.57 78.94 0.25 


11.11 0.16 
11.24 0.17 
11.17 0.17 
11.34 0.17 
11.13 0.16 
11.00 0.16 
11.02 0.16 


1.05 0.07 
0.98 0.07 
1.05 0.07 


4.26 0.10 0.68 0.04 2.88 0.21 

4.27 0.10 0.76 0.05 2.85 0.21 

4.36 0.10 0.78 0.05 3.01 0.22 

4.28 0.10 0.68 0.04 2.66 0.19 

4.34 0.10 0.80 0.05 2.78 0.20 

4.33 0.10 0.72 0.05 3.18 0.23 

4.36 0.10 0.70 0.04 3.02 0.22 


0.47 0.08 
0.56 0.09 
0.52 0.08 
0.49 0.08 
0.45 0.07 
0.41 0.07 
0.43 0.07 


0.48 0.05 
0.48 0.05 
0.50 0.05 
0.49 0.05 
0.40 0.04 
0.50 0.05 
0.48 0.05 


26 0.86 78.48 

27 1.15 78.55 

28 1.44 78.55 

29 1.72 78.41 

30 2.01 78.24 

31 2.30 77.95 

32 2.58 77.73 

33 2.87 77.25 

34 3.16 77.12 

35 3.44 77.17 

36 3.73 76.88 

37 4.02 76.73 

38 4.31 76.51 

39 4.59 76.05 

40 4.88 75.60 

41 5.17 75.66 

42 5.45 75.61 

43 5.74 75.43 

44 6.03 75.26 

45 6.32 74.60 

46 6.60 74.81 

47 6.89 74.81 


0.25 11.25 0.17 

0.25 11.19 0.17 

0.25 11.24 0.17 

0.25 11.37 0.17 

0.25 11.43 0.17 

0.25 11.61 0.17 

0.24 11.74 0.17 

0.24 11.99 0.18 

0.24 12.28 0.18 

0.24 12.30 0.18 

0.24 12.55 0.19 

0.24 12.75 0.19 

0.24 12.90 0.19 

0.24 12.81 0.19 

0.24 13.07 0.19 

0.24 13.29 0.20 

0.24 13.49 0.20 

0.24 13.22 0.20 

0.24 13.52 0.20 

0.23 13.71 0.20 

0.24 14.00 0.21 

0.24 13.93 0.21 


1.11 0.08 4.35 

1.08 0.08 4.45 

1.12 0.08 4.44 

1.20 0.08 4.29 

1.16 0.08 4.38 

1.19 0.08 4.42 

1.16 0.08 4.51 

1.15 0.08 4.39 

1.16 0.08 4.44 

1.24 0.09 4.53 

1.27 0.09 4.46 

1.24 0.09 4.45 

1.26 0.09 4.48 

1.29 0.09 4.57 

1.26 0.09 4.61 

1.35 0.09 4.42 

1.24 0.09 4.48 

1.29 0.09 4.76 

1.37 0.10 4.68 

1.39 0.10 4.63 

1.43 0.10 4.50 

1.39 0.10 4.57 


0.10 0.79 0.05 

0.11 0.80 0.05 

0.10 0.77 0.05 

0.10 0.74 0.05 

0.10 0.78 0.05 

0.10 0.90 0.06 

0.11 0.84 0.05 

0.10 0.77 0.05 

0.10 0.94 0.06 

0.11 0.90 0.06 

0.11 0.93 0.06 

0.11 0.94 0.06 

0.11 0.91 0.06 

0.11 1.07 0.07 

0.11 1.01 0.06 

0.10 0.97 0.06 

0.11 0.98 0.06 

0.11 1.02 0.07 

0.11 0.94 0.06 

0.11 1.04 0.07 

0.11 1.07 0.07 

0.11 1.05 0.07 


3.01 0.22 0.51 

2.91 0.21 0.54 

2.97 0.22 0.46 

3.08 0.22 0.42 

3.10 0.23 0.42 

2.95 0.21 0.51 

3.06 0.22 0.44 

3.44 0.25 0.49 

3.00 0.22 0.55 

2.88 0.21 0.53 

2.96 0.21 0.45 

2.94 0.21 0.52 

3.01 0.22 0.41 

3.26 0.24 0.47 

3.33 0.24 0.58 

3.25 0.24 0.47 

3.15 0.23 0.46 

3.25 0.24 0.51 

3.34 0.24 0.39 

3.59 0.26 0.50 

3.14 0.23 0.53 

3.26 0.24 0.54 


0.08 0.52 0.05 

0.09 0.48 0.05 

0.07 0.45 0.05 

0.07 0.48 0.05 

0.07 0.47 0.05 

0.08 0.47 0.05 

0.07 0.51 0.05 

0.08 0.52 0.05 

0.09 0.51 0.05 

0.09 0.44 0.05 

0.07 0.50 0.05 

0.08 0.43 0.04 

0.06 0.52 0.05 

0.08 0.47 0.05 

0.09 0.53 0.06 

0.07 0.60 0.06 

0.07 0.59 0.06 

0.08 0.50 0.05 

0.06 0.50 0.05 

0.08 0.54 0.06 

0.08 0.53 0.05 

0.09 0.46 0.05 
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48 7.18 74.36 

49 7.46 74.53 

50 7.75 74.23 

51 8.04 74.36 

52 8.33 73.75 

53 8.61 73.76 

54 8.90 73.59 

55 9.19 73.59 

56 9.47 73.85 

57 9.76 73.84 

58 10.05 73.63 

59 10.33 73.67 

60 10.62 73.56 

61 10.91 73.67 

62 11.20 73.46 

63 11.48 73.35 

64 11.77 74.04 

65 12.06 73.87 

66 12.34 73.67 

67 12.63 73.53 

68 12.92 73.66 

69 13.21 73.62 

70 13.49 74.00 

71 13.78 74.00 

72 14.07 73.87 

73 14.35 73.82 

74 14.64 73.87 


0.23 14.04 0.21 

0.23 14.09 0.21 

0.23 14.22 0.21 

0.23 14.22 0.21 

0.23 14.40 0.21 

0.23 14.27 0.21 

0.23 14.25 0.21 

0.23 14.42 0.21 

0.23 14.46 0.21 

0.23 14.40 0.21 

0.23 14.31 0.21 

0.23 14.39 0.21 

0.23 14.61 0.22 

0.23 14.59 0.22 

0.23 14.70 0.22 

0.23 14.61 0.22 

0.23 14.84 0.22 

0.23 14.94 0.22 

0.23 14.72 0.22 

0.23 14.85 0.22 

0.23 14.72 0.22 

0.23 14.63 0.22 

0.23 14.41 0.21 

0.23 14.59 0.22 

0.23 14.73 0.22 

0.23 14.53 0.22 

0.23 14.30 0.21 


1.42 0.10 4.57 

1.38 0.10 4.52 

1.42 0.10 4.58 

1.36 0.10 4.52 

1.39 0.10 4.63 

1.48 0.10 4.69 

1.46 0.10 4.53 

1.47 0.10 4.56 

1.46 0.10 4.58 

1.34 0.09 4.69 

1.44 0.10 4.67 

1.39 0.10 4.64 

1.33 0.09 4.70 

1.37 0.10 4.70 

1.36 0.10 4.56 

1.48 0.10 4.57 

1.43 0.10 4.37 

1.42 0.10 4.47 

1.47 0.10 4.56 

1.45 0.10 4.50 

1.43 0.10 4.60 

1.44 0.10 4.53 

1.45 0.10 4.58 

1.37 0.10 4.56 

1.39 0.10 4.48 

1.38 0.10 4.53 

1.34 0.09 4.52 


0.11 1.13 0.07 

0.11 1.16 0.07 

0.11 1.15 0.07 

0.11 1.13 0.07 

0.11 1.15 0.07 

0.11 1.22 0.08 

0.11 1.22 0.08 

0.11 1.22 0.08 

0.11 1.13 0.07 

0.11 1.25 0.08 

0.11 1.28 0.08 

0.11 1.27 0.08 

0.11 1.26 0.08 

0.11 1.24 0.08 

0.11 1.30 0.08 

0.11 1.30 0.08 

0.10 1.14 0.07 

0.11 1.18 0.08 

0.11 1.26 0.08 

0.11 1.27 0.08 

0.11 1.19 0.08 

0.11 1.29 0.08 

0.11 1.30 0.08 

0.11 1.20 0.08 

0.11 1.19 0.08 

0.11 1.30 0.08 

0.11 1.35 0.09 


3.56 0.26 0.48 

3.44 0.25 0.40 

3.46 0.25 0.47 

3.40 0.25 0.52 

3.57 0.26 0.53 

3.55 0.26 0.50 

3.92 0.28 0.52 

3.76 0.27 0.46 

3.51 0.25 0.45 

3.46 0.25 0.45 

3.68 0.27 0.50 

3.74 0.27 0.45 

3.53 0.26 0.52 

3.44 0.25 0.46 

3.61 0.26 0.56 

3.79 0.27 0.41 

3.23 0.23 0.43 

3.08 0.22 0.49 

3.37 0.24 0.47 

3.44 0.25 0.45 

3.45 0.25 0.43 

3.55 0.26 0.42 

3.27 0.24 0.50 

3.38 0.25 0.41 

3.27 0.24 0.51 

3.37 0.24 0.48 

3.55 0.26 0.55 


0.08 0.43 0.05 

0.06 0.49 0.05 

0.08 0.46 0.05 

0.08 0.48 0.05 

0.08 0.59 0.06 

0.08 0.53 0.05 

0.08 0.51 0.05 

0.07 0.53 0.06 

0.07 0.57 0.06 

0.07 0.56 0.06 

0.08 0.49 0.05 

0.07 0.45 0.05 

0.08 0.49 0.05 

0.07 0.53 0.06 

0.09 0.45 0.05 

0.07 0.49 0.05 

0.07 0.52 0.05 

0.08 0.55 0.06 

0.07 0.48 0.05 

0.07 0.51 0.05 

0.07 0.52 0.05 

0.07 0.50 0.05 

0.08 0.48 0.05 

0.07 0.48 0.05 

0.08 0.55 0.06 

0.08 0.58 0.06 

0.09 0.53 0.05 
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Agglomerate FLD4.3.3 


Table J.27: Major element compositions (as wt.% oxides) from a line traverse across the interface of agglom¬ 
erate FLD4.3.3 (from agglomerate FLD4.3.3 to host FLD4.3) extracted from quantified EDS compositional 
maps. The EDS compositional maps were collected at a resolution of 3.5 pixels/pm. The smoothing width 
for this traverse was 50 pixels (14.4 pm) wide. This is a Si interface and has been centered at x = 0 based 
on the SiC>2 maximum. Peak points within 2cr of the FeO maximum are ■ Uncertainties 

are 2SEOM. 


Position 


Pt. (|im) S1O2 2(7 AI2O3 2(7 Na20 2cr K2O 2cr CaO 2cr FcO 2cr T1O2 2(7 MgO 2(7 


2 

3 

4 

5 

6 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 


80.30 0.25 
80.54 0.25 

80.48 0.25 
80.66 0.25 

80.14 0.25 

80.40 0.25 

80.51 0.25 
80.82 0.25 
80.86 0.25 
81.22 0.26 
80.90 0.25 
80.73 0.25 
80.88 0.25 
81.04 0.25 
81.18 0.26 
80.96 0.25 
81.22 0.26 

81.40 0.26 
81.43 0.26 

81.51 0.26 
81.40 0.26 

81.48 0.26 
81.71 0.26 
81.78 0.26 

82.15 0.26 
82.24 0.26 
82.00 0.26 


9.92 0.15 
9.90 0.15 
10.01 0.15 

9.94 0.15 

9.95 0.15 
9.81 0.15 
9.87 0.15 
9.83 0.15 
9.81 0.15 
9.64 0.14 
9.67 0.14 
9.62 0.14 
9.67 0.14 
9.59 0.14 

9.49 0.14 

9.50 0.14 
9.31 0.14 

9.23 0.14 
9.20 0.14 

9.24 0.14 
9.31 0.14 
9.11 0.13 
8.98 0.13 

8.95 0.13 
8.80 0.13 
8.56 0.13 
8.53 0.13 


0.95 0.07 4.21 

0.94 0.07 3.98 

0.99 0.07 3.97 

1.02 0.07 3.94 

1.00 0.07 3.99 

0.97 0.07 4.05 

0.98 0.07 4.06 

0.96 0.07 4.06 

0.98 0.07 3.98 

1.01 0.07 3.93 

0.97 0.07 3.98 

0.94 0.07 4.09 

0.99 0.07 4.04 

0.96 0.07 3.93 

0.94 0.07 3.90 

0.98 0.07 3.92 

0.94 0.07 4.07 

0.92 0.06 3.94 

0.87 0.06 4.03 

1.00 0.07 3.76 

0.95 0.07 3.79 

0.98 0.07 3.91 

0.87 0.06 3.88 

0.81 0.06 3.79 

0.89 0.06 3.73 

0.88 0.06 3.94 

0.96 0.07 3.82 


0.10 0.88 0.06 

0.09 0.87 0.06 

0.09 0.88 0.06 

0.09 0.82 0.05 

0.09 0.82 0.05 

0.10 0.88 0.06 

0.10 0.77 0.05 

0.10 0.76 0.05 

0.09 0.84 0.05 

0.09 0.86 0.05 

0.09 0.86 0.05 

0.10 0.94 0.06 

0.10 0.91 0.06 

0.09 0.82 0.05 

0.09 0.84 0.05 

0.09 0.82 0.05 

0.10 0.85 0.05 

0.09 0.81 0.05 

0.10 0.86 0.06 

0.09 0.82 0.05 

0.09 0.76 0.05 

0.09 0.82 0.05 

0.09 0.74 0.05 

0.09 0.82 0.05 

0.09 0.71 0.05 

0.09 0.78 0.05 

0.09 0.82 0.05 


2.87 0.21 0.37 

2.89 0.21 0.44 

2.76 0.20 0.39 

2.73 0.20 0.39 

3.12 0.23 0.48 

2.96 0.21 0.43 

2.97 0.22 0.39 

2.73 0.20 0.43 

2.63 0.19 0.46 

2.45 0.18 0.46 

2.76 0.20 0.43 

2.82 0.20 0.44 

2.71 0.20 0.35 

2.77 0.20 0.46 

2.77 0.20 0.47 

2.88 0.21 0.46 

2.74 0.20 0.48 

2.85 0.21 0.41 

2.76 0.20 0.41 

2.82 0.20 0.41 

2.82 0.20 0.47 

2.78 0.20 0.45 

2.88 0.21 0.45 

2.82 0.20 0.55 

2.84 0.21 0.43 

2.73 0.20 0.45 

2.89 0.21 0.51 


0.06 0.50 0.05 

0.07 0.44 0.05 

0.06 0.52 0.05 

0.06 0.49 0.05 

0.08 0.50 0.05 

0.07 0.50 0.05 

0.06 0.44 0.05 

0.07 0.40 0.04 

0.07 0.43 0.05 

0.07 0.43 0.04 

0.07 0.42 0.04 

0.07 0.43 0.04 

0.06 0.45 0.05 

0.07 0.42 0.04 

0.07 0.41 0.04 

0.07 0.47 0.05 

0.08 0.39 0.04 

0.06 0.44 0.05 

0.06 0.44 0.05 

0.07 0.44 0.05 

0.07 0.50 0.05 

0.07 0.47 0.05 

0.07 0.49 0.05 

0.09 0.48 0.05 

0.07 0.45 0.05 

0.07 0.42 0.04 

0.08 0.47 0.05 


29 

30 

31 

32 

33 

34 


-U.Zy OZ.«5y U.ZO 

0.00 82.55 0.26 
0.29 82.49 0.26 
0.57 82.45 0.26 
0.86 82.25 0.26 
1.15 82.48 0.26 
1.44 82.28 0.26 


0.0,5 U.KS 

8.49 0.13 
8.59 0.13 
8.56 0.13 
8.68 0.13 
8.66 0.13 
8.86 0.13 


U.94 u.iu 

0.84 0.06 
0.84 0.06 
0.90 0.06 
0.97 0.07 
0.90 0.06 
0.82 0.06 


o.yi u.uy 

3.79 0.09 
3.81 0.09 
3.75 0.09 
3.73 0.09 
3.72 0.09 
3.79 0.09 


U.09 U.U4 

0.68 0.04 
0.71 0.05 
0.75 0.05 
0.73 0.05 
0.75 0.05 
0.73 0.05 


Z.D9 U.19 

2.80 0.20 
2.79 0.20 
2.77 0.20 
2.70 0.20 
2.62 0.19 
2.53 0.18 


U.4U u.uo 

0.45 0.07 
0.37 0.06 
0.37 0.06 
0.45 0.07 
0.38 0.06 
0.49 0.08 


U.4D u.uo 

0.41 0.04 
0.39 0.04 
0.45 0.05 
0.48 0.05 
0.48 0.05 
0.50 0.05 


35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


1.72 82.28 0.26 
2.01 81.78 0.26 

2.30 81.57 0.26 

2.58 81.51 0.26 

2.87 80.95 0.25 

3.16 80.74 0.25 

3.45 80.48 0.25 

3.73 80.36 0.25 
4.02 79.78 0.25 

4.31 79.41 0.25 

4.59 79.06 0.25 

4.88 78.78 0.25 

5.17 78.22 0.25 

5.45 77.84 0.24 

5.74 77.69 0.24 
6.03 77.30 0.24 


8.78 0.13 
8.95 0.13 
9.21 0.14 
9.17 0.14 
9.52 0.14 
9.83 0.15 
9.99 0.15 
10.20 0.15 

10.58 0.16 

10.59 0.16 
10.73 0.16 
11.19 0.17 
11.34 0.17 
11.48 0.17 
11.84 0.18 
11.96 0.18 


0.86 0.06 
0.94 0.07 
0.94 0.07 
0.95 0.07 
1.02 0.07 
1.01 0.07 
0.96 0.07 
1.04 0.07 
1.04 0.07 
1.12 0.08 
1.07 0.08 
1.11 0.08 
1.12 0.08 
1.14 0.08 
1.20 0.08 
1.23 0.09 


3.84 0.09 
3.86 0.09 

3.85 0.09 
3.99 0.09 
4.01 0.09 
3.98 0.09 
3.98 0.09 
3.84 0.09 
3.95 0.09 
4.15 0.10 
4.13 0.10 
4.10 0.10 
4.37 0.10 
4.33 0.10 
4.20 0.10 
4.25 0.10 


0.76 0.05 
0.86 0.05 
0.79 0.05 
0.83 0.05 
0.86 0.05 
0.90 0.06 
0.92 0.06 
0.88 0.06 
1.02 0.06 
1.02 0.06 
1.15 0.07 
1.08 0.07 
1.19 0.08 
1.18 0.08 
1.26 0.08 
1.33 0.08 


2.54 0.18 
2.83 0.20 

2.70 0.20 
2.60 0.19 
2.66 0.19 
2.64 0.19 

2.71 0.20 

2.68 0.19 

2.69 0.19 
2.79 0.20 
2.89 0.21 
2.85 0.21 
2.75 0.20 
3.00 0.22 
2.83 0.21 
2.96 0.21 


0.51 0.08 
0.32 0.05 
0.38 0.06 
0.46 0.07 
0.51 0.08 
0.43 0.07 
0.47 0.08 
0.46 0.07 
0.47 0.07 
0.42 0.07 
0.43 0.07 
0.41 0.07 
0.48 0.08 
0.49 0.08 
0.40 0.06 
0.43 0.07 


0.44 0.05 
0.46 0.05 
0.56 0.06 
0.48 0.05 
0.47 0.05 
0.46 0.05 
0.48 0.05 
0.55 0.06 
0.48 0.05 
0.50 0.05 
0.56 0.06 
0.48 0.05 
0.52 0.05 
0.54 0.06 
0.58 0.06 
0.55 0.06 
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51 

6.32 77 

00 0.24 

12.28 

0.18 

1.34 

0.09 

4.10 

0.10 

1.32 0.08 

2.96 0.21 

0.41 0.07 

0.59 

0.06 

52 

6.60 76 

83 0.24 

12.38 

0.18 

1.21 

0.08 

4.25 

0.10 

1.45 0.09 

2.84 0.21 

0.54 0.09 

0.50 

0.05 

53 

6.89 76 

63 0.24 

12.42 

0.18 

1.20 

0.08 

4.28 

0.10 

1.47 0.09 

3.00 0.22 

0.48 0.08 

0.50 

0.05 

54 

7.18 76. 

21 0.24 

12.61 

0.19 

1.25 

0.09 

4.15 

0.10 

1.40 0.09 

3.33 0.24 

0.47 0.08 

0.58 

0.06 

55 

7.46 76. 

06 0.24 

12.72 

0.19 

1.23 

0.09 

4.29 

0.10 

1.45 0.09 

3.25 0.24 

0.49 0.08 

0.53 

0.06 

56 

7.75 76. 

05 0.24 

12.93 

0.19 

1.35 

0.09 

4.28 

0.10 

1.49 0.09 

2.86 0.21 

0.51 0.08 

0.52 

0.05 

57 

8.04 75. 

85 0.24 

12.91 

0.19 

1.37 

0.10 

4.25 

0.10 

1.59 0.10 

2.97 0.22 

0.46 0.07 

0.60 

0.06 

58 

8.33 75 

.49 0.24 

13.11 

0.19 

1.38 

0.10 

4.16 

0.10 

1.48 0.09 

3.25 0.24 

0.44 0.07 

0.69 

0.07 

59 

8.61 75. 

.41 0.24 

13.11 

0.19 

1.30 

0.09 

4.37 

0.10 

1.60 0.10 

3.11 0.23 

0.48 0.08 

0.62 

0.07 

60 

8.90 75 

.32 0.24 

13.43 

0.20 

1.35 

0.09 

4.42 

0.10 

1.60 0.10 

2.87 0.21 

0.44 0.07 

0.57 

0.06 

61 

9.19 75 

.04 0.24 

13.50 

0.20 

1.35 

0.10 

4.29 

0.10 

1.62 0.10 

3.20 0.23 

0.42 0.07 

0.57 

0.06 
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Agglomerate FLD4.3.5 


Table J.28: Major element compositions (as wt.% oxides) from a line traverse across the interface of in¬ 
terior agglomerate FLD4.3.5 (from agglomerate FLD4.3.5 to host FLD4.3) extracted from quantified EDS 
compositional maps. The EDS compositional maps were collected at a resolution of 3.8 pixels///m. The 
smoothing width for this traverse was 100 pixels (26 /rm) wide. This is an Si interface and has been centered 
at x = 0 based on the Si02 maximum. Peak points within 2a of the SiC>2 maximum are 
||§!|g|. Uncertainties are 2SEOM. 


Position 

Pt. (/an) SiC>2 2 a AI2O3 2 a Na20 2 a K2O 2 a CaO 2 a 


1 -13.02 

2 -12.76 

3 -12.50 

4 -12.24 

5 -11.98 

6 -11.72 

7 -11.46 

8 -11.20 

9 -10.94 

10 -10.68 

11 -10.42 

12 -10.16 

13 -9.90 

14 -9.64 

15 -9.38 

16 -9.12 

17 -8.85 

18 -8.59 

19 -8.33 

20 -8.07 

21 -7.81 

22 -7.55 

23 -7.29 

24 -7.03 

25 -6.77 

26 -6.51 

27 -6.25 

28 -5.99 

29 -5.73 

30 -5.47 

31 -5.21 

32 -4.95 

33 -4.69 

34 -4.43 

35 -4.17 

36 -3.91 

37 -3.65 

38 -3.39 

39 -3.12 

40 -2.87 

41 -2.60 

42 -2.34 

43 -2.08 

44 -1.82 

45 -1.56 

46 -1.30 

47 -1.04 

48 -0.78 

49 -0.52 

50 -0.26 


71.03 0.30 
70.87 0.30 
70.99 0.30 

71.15 0.30 

70.64 0.30 
70.58 0.29 

70.85 0.30 

70.97 0.30 
71.24 0.30 

70.98 0.30 
71.04 0.30 
70.80 0.30 

70.86 0.30 
70.80 0.30 
70.48 0.29 
71.11 0.30 
70.58 0.29 

70.65 0.30 
70.65 0.30 

70.75 0.30 
71.03 0.30 
71.09 0.30 
71.32 0.30 
71.34 0.30 
71.04 0.30 

71.16 0.30 

71.43 0.30 

71.62 0.30 
71.78 0.30 
71.89 0.30 
72.04 0.30 
72.06 0.30 
72.27 0.30 
72.07 0.30 
72.19 0.30 

72.63 0.30 
73.03 0.30 
73.18 0.31 

73.43 0.31 
73.29 0.31 

74.17 0.31 
74.22 0.31 
73.96 0.31 
74.21 0.31 
74.10 0.31 

74.75 0.31 
74.56 0.31 

74.63 0.31 
74.71 0.31 
74.95 0.31 


15.69 0.17 
15.74 0.17 
15.65 0.17 
15.53 0.17 

15.72 0.17 
15.74 0.17 
15.97 0.18 

15.82 0.17 
15.89 0.17 

15.70 0.17 
15.85 0.17 

15.83 0.17 

15.58 0.17 
15.64 0.17 

15.78 0.17 
15.67 0.17 
15.63 0.17 
15.60 0.17 
15.60 0.17 
15.67 0.17 
15.42 0.17 

15.49 0.17 
15.55 0.17 

15.50 0.17 
15.32 0.17 

15.24 0.17 

15.34 0.17 
15.04 0.16 
14.96 0.16 

14.92 0.16 
14.88 0.16 

14.79 0.16 
14.79 0.16 

14.72 0.16 
14.52 0.16 
14.38 0.16 

14.24 0.16 
14.03 0.15 

13.93 0.15 

13.72 0.15 

13.58 0.15 
13.48 0.15 
13.58 0.15 

13.34 0.15 

13.25 0.15 

13.26 0.15 

13.27 0.15 
13.05 0.14 
12.87 0.14 
12.78 0.14 


2.52 0.12 
2.52 0.12 

2.57 0.12 

2.54 0.12 

2.51 0.12 
2.59 0.12 

2.52 0.12 
2.50 0.12 

2.50 0.12 

2.63 0.13 

2.64 0.13 
2.64 0.13 
2.59 0.12 
2.72 0.13 

2.64 0.13 
2.49 0.12 
2.67 0.13 
2.63 0.13 
2.71 0.13 

2.65 0.13 
2.67 0.13 

2.55 0.12 
2.44 0.12 

2.58 0.12 
2.69 0.13 

2.66 0.13 
2.55 0.12 

2.53 0.12 
2.47 0.12 

2.47 0.12 
2.55 0.12 

2.48 0.12 
2.31 0.11 
2.58 0.12 
2.63 0.13 
2.44 0.12 
2.52 0.12 
2.62 0.13 
2.46 0.12 

2.51 0.12 
2.31 0.11 
2.29 0.11 
2.28 0.11 
2.37 0.11 
2.27 0.11 
2.43 0.12 
2.37 0.11 
2.26 0.11 
2.39 0.11 
2.37 0.11 


4.01 0.16 
3.92 0.15 

3.90 0.15 

3.96 0.16 
4.01 0.16 
4.14 0.16 
3.99 0.16 
4.00 0.16 

3.97 0.16 

3.91 0.15 
3.90 0.15 
4.08 0.16 
4.11 0.16 
4.05 0.16 
4.08 0.16 
3.83 0.15 
4.16 0.16 
4.11 0.16 
4.05 0.16 
4.00 0.16 

3.92 0.15 
3.90 0.15 

3.98 0.16 
4.02 0.16 

3.93 0.15 
3.93 0.15 
4.00 0.16 
4.11 0.16 
4.09 0.16 
4.07 0.16 
3.90 0.15 
3.96 0.16 
4.04 0.16 

3.96 0.16 
3.80 0.15 
4.04 0.16 
4.02 0.16 
4.13 0.16 
3.89 0.15 
3.98 0.16 
3.89 0.15 
4.02 0.16 

3.97 0.16 
3.88 0.15 
3.92 0.15 

3.88 0.15 
3.95 0.16 
4.01 0.16 
4.06 0.16 

3.89 0.15 


1.67 0.13 
1.61 0.12 
1.61 0.12 

1.73 0.13 

1.75 0.13 

1.67 0.13 
1.61 0.12 

1.68 0.13 

1.57 0.12 

1.67 0.13 

1.76 0.13 
1.70 0.13 

1.70 0.13 

1.75 0.13 

1.76 0.13 

1.79 0.13 

1.68 0.13 
1.61 0.12 
1.53 0.11 

1.58 0.12 

1.74 0.13 

1.80 0.13 

1.67 0.13 
1.74 0.13 
1.66 0.12 
1.76 0.13 

1.68 0.13 
1.79 0.13 

1.64 0.12 

1.65 0.12 

1.71 0.13 

1.66 0.12 

1.55 0.12 

1.56 0.12 
1.47 0.11 
1.51 0.11 

1.44 0.11 

1.40 0.11 
1.46 0.11 
1.43 0.11 
1.46 0.11 
1.39 0.10 

1.45 0.11 

1.38 0.10 

1.41 0.11 
1.26 0.09 
1.33 0.10 

1.39 0.10 
1.23 0.09 
1.29 0.10 


FeO 2 a Ti02 

3.08 0.26 067" 

3.39 0.28 0.62 

3.13 0.26 0.86 

2.85 0.24 0.94 

3.24 0.27 0.80 

3.26 0.27 0.85 

2.93 0.24 0.84 

3.09 0.26 0.70 

2.88 0.24 0.74 

2.94 0.25 0.97 

2.87 0.24 0.70 

2.87 0.24 0.72 

3.00 0.25 0.77 

3.01 0.25 0.75 

3.29 0.27 0.74 

3.13 0.26 0.73 

3.17 0.26 0.75 

3.32 0.28 0.80 

3.28 0.27 0.79 

3.34 0.28 0.73 

3.20 0.27 0.76 

3.12 0.26 0.78 

3.03 0.25 0.70 

2.87 0.24 0.66 

3.24 0.27 0.83 

3.26 0.27 0.63 

3.22 0.27 0.58 

3.05 0.25 0.69 

3.06 0.26 0.79 

3.07 0.26 0.70 

3.12 0.26 0.66 

3.11 0.26 0.66 

2.96 0.25 0.73 

3.16 0.26 0.70 

3.26 0.27 0.84 

2.98 0.25 0.73 

2.81 0.23 0.72 

2.87 0.24 0.68 

2.96 0.25 0.65 

3.09 0.26 0.70 

2.83 0.24 0.66 

2.79 0.23 0.57 

3.02 0.25 0.61 

3.11 0.26 0.66 

3.18 0.26 0.64 

2.75 0.23 0.54 

2.66 0.22 0.66 

2.78 0.23 0.70 

2.96 0.25 0.63 

2.87 0.24 0.69 


2 a 

"009" 

0.08 

0.12 

0.13 

0.11 

0.12 

0.11 

0.09 

0.10 

0.13 

0.09 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.11 

0.11 

0.10 

0.10 

0.11 


0.11 

0.09 

0.08 

0.09 

0.11 


0.09 

0.10 

0.09 

0.11 

0.10 

0.10 

0.09 

0.09 

0.09 

0.09 

0.08 

0.08 

0.09 

0.09 

0.07 

0.09 


0.09 


MgO 

0.83 

0.83 

0.83 


0.76 

0.83 

0.74 

0.77 

0.79 

0.77 

0.81 

0.80 

0.75 

0.79 

0.80 

0.86 

0.89 

0.94 

0.84 

0.77 

0.84 

0.86 

0.85 

0.77 

0.80 

0.77 

0.80 

0.75 

0.76 

0.74 

0.79 

0.90 

0.83 

0.84 

0.78 

0.76 

0.68 

0.77 

0.72 

0.66 

0.71 

0.69 

0.63 

0.73 

0.60 

0.70 

0.75 

0.70 

0.68 


2 a 

"cfosT 

0.09 

0.09 

0.09 

0.09 

0.08 

0.09 


0.09 


0.09 

0.10 


0.09 


0.10 


0.07 


0.07 

0.08 

0.07 

0.07 


0.07 

0.08 

0.07 

0.07 





APPENDIX J. INTERFACE SCANS USING EDS MAPS 


568 


51 

52 

53 

54 

55 

56 

57 

58 

0.26 

0.52 

0.78 

1.04 

1.30 

1.56 

1.82 

75.19 

75.15 

75.02 

75.14 

74.77 

74.72 

75.17 

0.31 

0.31 

0.31 

0.31 

0.31 

0.31 

0.31 

12.76 

12.69 

12.64 

12.71 

12.55 

12.84 

12.90 

12.97 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

2.35 
2.27 
2.34 
2.19 

2.36 
2.40 
2.27 

0.11 

0.11 

0.11 

0.11 

0.11 

0.11 

0.12 

0.11 

3.97 

3.86 

3.81 

3.93 

4.11 

4.03 

3.99 

3.77 

0.16 

0.15 

0.15 

0.15 

0.16 

0.16 

0.16 

0.15 

1.31 

1.40 

1.36 

1.43 

1.43 

1.47 

1.39 

0.10 

0.10 

0.10 

0.10 

0.11 

0.11 

0.11 

0.10 

2.87 

2.86 

2.82 

2.82 

2.71 

2.81 

2.72 

0.24 

0.24 

0.23 

0.23 

0.23 

0.23 

0.23 

0.58 

0.72 

0.66 

0.65 

0.62 

0.53 

0.59 

0.08 

0.10 

0.09 

0.09 

0.08 

0.07 

0.08 

0.66 

0.67 

0.69 

0.77 

0.75 

0.73 

0.71 

0.07 

0.07 

0.07 

0.08 

0.08 

0.08 

0.08 

59 

2.08 

74.82 

0.31 

13.05 

0.14 

2.27 

0.11 

3.82 

0.15 

1.36 

0.10 

2.84 

0.24 

0.61 

0.08 

0.76 

0.08 

60 

2.34 

74.41 

0.31 

12.99 

0.14 

2.39 

0.11 

3.76 

0.15 

1.42 

0.11 

3.21 

0.27 

0.66 

0.09 

0.74 

0.08 

61 

2.60 

74.26 

0.31 

12.90 

0.14 

2.37 

0.11 

3.86 

0.15 

1.44 

0.11 

3.21 

0.27 

0.75 

0.10 

0.73 

0.08 

62 

2.86 

74.23 

0.31 

13.12 

0.14 

2.28 

0.11 

3.88 

0.15 

1.44 

0.11 

3.21 

0.27 

0.65 

0.09 

0.75 

0.08 

63 

3.12 

74.24 

0.31 

13.16 

0.14 

2.33 

0.11 

3.88 

0.15 

1.53 

0.11 

3.05 

0.25 

0.69 

0.09 

0.66 

0.07 

64 

3.38 

73.76 

0.31 

13.24 

0.15 

2.43 

0.12 

4.01 

0.16 

1.58 

0.12 

3.24 

0.27 

0.64 

0.09 

0.70 

0.07 

65 

3.65 

73.44 

0.31 

13.31 

0.15 

2.51 

0.12 

4.03 

0.16 

1.62 

0.12 

3.25 

0.27 

0.58 

0.08 

0.76 

0.08 

66 

3.91 

73.57 

0.31 

13.38 

0.15 

2.46 

0.12 

3.98 

0.16 

1.69 

0.13 

3.11 

0.26 

0.61 

0.08 

0.73 

0.08 

67 

4.17 

73.96 

0.31 

13.49 

0.15 

2.40 

0.12 

3.71 

0.15 

1.62 

0.12 

2.95 

0.25 

0.62 

0.08 

0.72 

0.08 

68 

4.43 

73.82 

0.31 

13.64 

0.15 

2.39 

0.11 

3.78 

0.15 

1.59 

0.12 

2.98 

0.25 

0.59 

0.08 

0.72 

0.08 

69 

4.69 

73.78 

0.31 

13.66 

0.15 

2.29 

0.11 

3.82 

0.15 

1.45 

0.11 

3.07 

0.26 

0.63 

0.09 

0.76 

0.08 

70 

4.95 

73.23 

0.31 

13.56 

0.15 

2.48 

0.12 

4.04 

0.16 

1.67 

0.13 

3.09 

0.26 

0.66 

0.09 

0.75 

0.08 

71 

5.21 

73.05 

0.31 

13.56 

0.15 

2.55 

0.12 

4.07 

0.16 

1.74 

0.13 

3.13 

0.26 

0.71 

0.10 

0.73 

0.08 

72 

5.47 

73.53 

0.31 

13.56 

0.15 

2.55 

0.12 

3.93 

0.15 

1.72 

0.13 

2.81 

0.23 

0.60 

0.08 

0.79 

0.08 

73 

5.73 

73.53 

0.31 

13.63 

0.15 

2.56 

0.12 

3.86 

0.15 

1.67 

0.13 

2.96 

0.25 

0.64 

0.09 

0.70 

0.07 

74 

5.99 

73.23 

0.31 

13.72 

0.15 

2.28 

0.11 

3.95 

0.16 

1.66 

0.12 

3.37 

0.28 

0.65 

0.09 

0.77 

0.08 

75 

6.25 

72.76 

0.30 

13.96 

0.15 

2.45 

0.12 

3.89 

0.15 

1.82 

0.14 

3.19 

0.27 

0.63 

0.09 

0.79 

0.08 

76 

6.51 

72.97 

0.30 

14.06 

0.15 

2.46 

0.12 

3.86 

0.15 

1.87 

0.14 

2.91 

0.24 

0.59 

0.08 

0.80 

0.08 

77 

6.77 

72.75 

0.30 

13.85 

0.15 

2.52 

0.12 

3.91 

0.15 

1.87 

0.14 

3.07 

0.26 

0.70 

0.10 

0.84 

0.09 

78 

7.03 

72.63 

0.30 

14.08 

0.15 

2.63 

0.13 

3.76 

0.15 

1.82 

0.14 

3.22 

0.27 

0.62 

0.08 

0.74 

0.08 

79 

7.29 

72.62 

0.30 

14.07 

0.15 

2.66 

0.13 

3.83 

0.15 

1.80 

0.13 

3.20 

0.27 

0.56 

0.08 

0.71 

0.08 

80 

7.55 

72.46 

0.30 

14.05 

0.15 

2.67 

0.13 

4.07 

0.16 

1.86 

0.14 

3.02 

0.25 

0.55 

0.07 

0.86 

0.09 

81 

7.81 

72.64 

0.30 

14.10 

0.15 

2.47 

0.12 

4.07 

0.16 

1.68 

0.13 

3.24 

0.27 

0.54 

0.07 

0.78 

0.08 

82 

8.07 

72.34 

0.30 

14.10 

0.15 

2.56 

0.12 

3.91 

0.15 

1.71 

0.13 

3.45 

0.29 

0.72 

0.10 

0.77 

0.08 

83 

8.33 

72.25 

0.30 

14.11 

0.15 

2.49 

0.12 

3.97 

0.16 

1.78 

0.13 

3.46 

0.29 

0.60 

0.08 

0.79 

0.08 

84 

8.59 

72.06 

0.30 

14.13 

0.15 

2.68 

0.13 

3.99 

0.16 

1.78 

0.13 

3.41 

0.28 

0.64 

0.09 

0.88 

0.09 

85 

8.85 

72.33 

0.30 

14.18 

0.16 

2.67 

0.13 

3.89 

0.15 

1.76 

0.13 

3.26 

0.27 

0.71 

0.10 

0.85 

0.09 

86 

9.11 

72.40 

0.30 

14.20 

0.16 

2.73 

0.13 

3.82 

0.15 

1.75 

0.13 

3.21 

0.27 

0.73 

0.10 

0.79 

0.08 

87 

9.38 

72.25 

0.30 

14.13 

0.15 

2.60 

0.12 

4.01 

0.16 

1.85 

0.14 

3.16 

0.26 

0.66 

0.09 

0.84 

0.09 

88 

9.63 

72.63 

0.30 

13.89 

0.15 

2.48 

0.12 

3.91 

0.15 

1.96 

0.15 

3.23 

0.27 

0.66 

0.09 

0.77 

0.08 

89 

9.90 

72.69 

0.30 

13.93 

0.15 

2.65 

0.13 

3.92 

0.15 

1.83 

0.14 

3.15 

0.26 

0.54 

0.07 

0.79 

0.08 

90 

10.16 

72.42 

0.30 

14.30 

0.16 

2.59 

0.12 

3.90 

0.15 

1.82 

0.14 

3.19 

0.27 

0.61 

0.08 

0.75 

0.08 

91 

10.42 

72.36 

0.30 

14.10 

0.15 

2.59 

0.12 

3.91 

0.15 

1.92 

0.14 

3.32 

0.28 

0.61 

0.08 

0.80 

0.09 

92 

10.68 

72.69 

0.30 

14.03 

0.15 

2.47 

0.12 

3.96 

0.16 

1.80 

0.14 

3.21 

0.27 

0.63 

0.08 

0.84 

0.09 
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Agglomerate FLD17.int.2 


Table J.29: Major element compositions (as wt.% oxides) from a line traverse across the interface of interior 
agglomerate FLD17.int.2 (from agglomerate FLD17.int.2 to host FLD17) extracted from quantified EDS 
compositional maps. This is a CaMgFe interface and has been centered at x = 0 based on the SiC>2 maximum. 
Peak points within 2cr of the SiC>2 maximum are higfcl.ight• Uncertainties are 2SEOM. 


Position 

Pt. (fim) SiC>2 2 a AI2O3 2 a Na20 2 a K2O 2 a CaO 2 a 


1 -21.35 

2 -21.11 

3 -20.88 

4 -20.65 

5 -20.42 

6 -20.19 

7 -19.95 

8 -19.72 

9 -19.49 

10 -19.26 

11 -19.03 

12 -18.79 

13 -18.56 

14 -18.33 

15 -18.10 

16 -17.87 

17 -17.63 

18 -17.40 

19 -17.17 

20 -16.94 

21 -16.71 

22 -16.47 

23 -16.24 

24 -16.01 

25 -15.78 

26 -15.55 

27 -15.31 

28 -15.08 

29 -14.85 

30 -14.62 

31 -14.38 

32 -14.15 

33 -13.92 

34 -13.69 

35 -13.46 

36 -13.22 

37 -12.99 

38 -12.76 

39 -12.53 

40 -12.30 

41 -12.06 

42 -11.83 

43 -11.60 

44 -11.37 

45 -11.14 

46 -10.90 

47 -10.67 

48 -10.44 

49 -10.21 

51 -9.74 

52 -9.51 

53 -9.28 


73.42 0.29 

73.78 0.29 
73.81 0.29 
73.76 0.29 
73.49 0.29 

73.79 0.29 
73.71 0.29 
73.99 0.29 
73.66 0.29 
73.59 0.29 
73.37 0.29 
73.46 0.29 
73.46 0.29 
73.36 0.29 

73.36 0.29 

73.68 0.29 

73.59 0.29 

73.54 0.29 
73.61 0.29 

73.55 0.29 

73.65 0.29 

73.63 0.29 

73.66 0.29 
73.70 0.29 

73.58 0.29 
73.99 0.29 

73.43 0.29 

73.60 0.29 
73.96 0.29 
73.42 0.29 
73.28 0.29 

73.64 0.29 
73.51 0.29 

73.54 0.29 
73.79 0.29 
73.51 0.29 

73.59 0.29 
73.58 0.29 
73.75 0.29 
73.89 0.29 
74.16 0.29 
73.85 0.29 
73.96 0.29 
74.05 0.29 
74.32 0.29 

74.36 0.29 
74.09 0.29 
74.09 0.29 

74.55 0.29 

74.61 0.29 

74.66 0.29 
74.73 0.29 

74.68 0.29 


13.14 0.16 
13.09 0.16 

13.10 0.16 
13.22 0.16 

13.11 0.16 
13.01 0.16 
13.11 0.16 
13.00 0.16 
13.22 0.16 

13.19 0.16 

13.20 0.16 
13.06 0.16 
13.11 0.16 
13.10 0.16 
13.32 0.16 
13.03 0.16 

12.98 0.16 

13.21 0.16 
13.06 0.16 

13.14 0.16 

13.10 0.16 
13.01 0.16 
13.28 0.16 
13.17 0.16 
13.32 0.16 
13.28 0.16 
13.25 0.16 
13.04 0.16 
12.87 0.16 

13.11 0.16 
12.92 0.16 

12.99 0.16 
13.05 0.16 

13.15 0.16 
13.03 0.16 
13.09 0.16 
12.86 0.15 
13.02 0.16 
12.81 0.15 
12.75 0.15 
12.64 0.15 
12.89 0.16 
13.02 0.16 
12.84 0.15 
12.69 0.15 
12.52 0.15 

12.67 0.15 

12.68 0.15 
12.45 0.15 
12.44 0.15 
12.41 0.15 
12.36 0.15 
12.35 0.15 


2.89 0.12 
2.98 0.12 
3.06 0.13 

2.97 0.12 

2.84 0.12 

2.75 0.11 
2.82 0.12 

2.89 0.12 
2.88 0.12 
2.93 0.12 

2.98 0.12 
2.93 0.12 

2.90 0.12 
2.97 0.12 

2.87 0.12 

2.92 0.12 
2.78 0.12 

2.88 0.12 

2.76 0.12 
2.89 0.12 

2.89 0.12 

2.90 0.12 

2.85 0.12 
2.71 0.11 

2.74 0.11 

2.71 0.11 
2.89 0.12 

2.72 0.11 
2.78 0.12 
2.81 0.12 

2.84 0.12 
2.78 0.12 
2.82 0.12 

2.85 0.12 

2.73 0.11 
2.81 0.12 

2.91 0.12 
2.97 0.12 

2.75 0.11 

2.71 0.11 
2.82 0.12 

2.93 0.12 

2.72 0.11 

2.64 0.11 
2.50 0.10 
2.66 0.11 
2.66 0.11 
2.68 0.11 
2.72 0.11 

2.52 0.11 

2.65 0.11 

2.53 0.11 
2.69 0.11 


3.80 0.14 

3.75 0.14 

3.82 0.14 
3.73 0.14 

3.91 0.14 
3.87 0.14 
3.87 0.14 
3.64 0.13 

3.81 0.14 

3.76 0.14 
3.84 0.14 
3.86 0.14 

3.86 0.14 

3.83 0.14 

3.87 0.14 

3.84 0.14 

3.89 0.14 
3.78 0.14 

3.88 0.14 

3.77 0.14 

3.78 0.14 
3.81 0.14 
3.98 0.15 
3.80 0.14 
3.71 0.14 
3.68 0.13 

3.80 0.14 

3.92 0.14 

3.81 0.14 
3.92 0.14 

3.80 0.14 
3.75 0.14 
3.95 0.14 
3.92 0.14 
3.87 0.14 
3.83 0.14 
3.73 0.14 

3.90 0.14 
3.98 0.15 
3.98 0.15 

3.82 0.14 

3.77 0.14 

3.67 0.13 

3.81 0.14 

3.83 0.14 
3.81 0.14 

3.78 0.14 
3.75 0.14 

3.68 0.13 

3.83 0.14 

3.84 0.14 

3.79 0.14 
3.73 0.14 


2.68 0.13 
2.43 0.12 
2.55 0.13 
2.60 0.13 

2.72 0.13 
2.51 0.12 
2.53 0.12 

2.67 0.13 

2.53 0.12 

2.54 0.13 
2.71 0.13 

2.75 0.14 
2.74 0.13 
2.70 0.13 
2.60 0.13 

2.53 0.12 

2.69 0.13 

2.68 0.13 

2.74 0.14 

2.79 0.14 

2.70 0.13 

2.67 0.13 

2.55 0.13 

2.71 0.13 

2.63 0.13 

2.64 0.13 

2.76 0.14 

2.75 0.14 
2.70 0.13 
2.58 0.13 
2.66 0.13 

2.73 0.13 

2.69 0.13 
2.46 0.12 

2.70 0.13 

2.77 0.14 

2.69 0.13 
2.60 0.13 
2.73 0.13 

2.80 0.14 

2.68 0.13 

2.58 0.13 
2.63 0.13 

2.71 0.13 

2.59 0.13 

2.70 0.13 

2.60 0.13 
2.70 0.13 
2.73 0.13 
2.73 0.13 
2.63 0.13 
2.59 0.13 

2.54 0.13 


FeO 2 a Ti02 

2.77 0.20 065“ 

2.63 0.19 0.70 

2.46 0.18 0.59 

2.42 0.18 0.67 

2.68 0.20 0.66 

2.71 0.20 0.71 

2.61 0.19 0.74 

2.59 0.19 0.60 

2.69 0.20 0.59 

2.73 0.20 0.62 

2.63 0.19 0.63 

2.73 0.20 0.60 

2.64 0.19 0.69 

2.83 0.21 0.60 

2.78 0.20 0.56 

2.87 0.21 0.52 

2.76 0.20 0.61 

2.56 0.19 0.65 

2.63 0.19 0.63 

2.53 0.19 0.63 

2.60 0.19 0.65 

2.67 0.20 0.59 

2.50 0.18 0.51 

2.73 0.20 0.57 

2.84 0.21 0.56 

2.61 0.19 0.50 

2.63 0.19 0.62 

2.57 0.19 0.68 

2.66 0.19 0.62 

2.90 0.21 0.64 

3.13 0.23 0.67 

2.84 0.21 0.54 

2.74 0.20 0.52 

2.77 0.20 0.69 

2.59 0.19 0.60 

2.68 0.20 0.65 

2.93 0.21 0.64 

2.73 0.20 0.63 

2.76 0.20 0.64 

2.68 0.20 0.57 

2.49 0.18 0.71 

2.62 0.19 0.70 

2.74 0.20 0.63 

2.71 0.20 0.63 

2.70 0.20 0.74 

2.67 0.20 0.66 

2.90 0.21 0.64 

2.85 0.21 0.64 

2.69 0.20 0.63 

2.80 0.20 0.55 

2.69 0.20 0.52 

2.68 0.20 0.72 

2.83 0.21 0.65 


2 a 
“009“ 

0.10 

0.09 

0.10 

0.10 

0.10 

0.11 

0.09 

0.09 


0.09 

0.10 


0.10 

0.09 

0.09 

0.09 

0.09 


0.07 

0.09 

0.10 

0.09 

0.09 

0.10 


0.10 

0.09 

0.09 

0.09 


0.10 

0.10 

0.09 

0.09 

0.11 

0.10 

0.09 

0.09 


0.10 

0.09 


MgO 2 a 
0.65 0.08 
0.64 0.08 
0.61 0.07 
0.63 0.08 
0.58 0.07 
0.65 0.08 
0.61 0.07 
0.63 0.08 
0.62 0.07 
0.62 0.07 
0.65 0.08 
0.61 0.07 
0.59 0.07 
0.63 0.08 
0.64 0.08 
0.61 0.07 
0.70 0.09 
0.68 0.08 
0.68 0.08 
0.71 0.09 
0.63 0.08 
0.71 0.09 
0.66 0.08 
0.62 0.08 
0.62 0.07 
0.58 0.07 
0.62 0.08 
0.72 0.09 
0.60 0.07 
0.61 0.07 
0.69 0.08 
0.73 0.09 
0.72 0.09 
0.61 0.07 
0.68 0.08 
0.66 0.08 
0.65 0.08 
0.56 0.07 
0.60 0.07 
0.63 0.08 
0.68 0.08 
0.64 0.08 
0.64 0.08 
0.62 0.07 
0.63 0.08 
0.61 0.07 
0.65 0.08 
0.61 0.07 
0.56 0.07 
0.52 0.06 
0.60 0.07 
0.60 0.07 
0.53 0.06 
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0.11 
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0.10 
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74 

-4.41 

77.60 
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0.12 

2.18 

0.09 

3.53 

0.13 

1.97 

0.10 

2.61 

0.19 


0.10 



87 

-1.39 

78.60 

0.31 

10.03 

0.12 

2.14 

0.09 

3.53 

0.13 

1.87 

0.09 

2.56 

0.19 

0.60 

0.09 

0.66 

0.08 

88 

-1.16 

78.65 

0.31 

10.03 

0.12 

2.16 

0.09 

3.40 

0.12 

1.88 

0.09 

2.56 

0.19 

0.67 

0.10 

0.65 

0.08 

89 

-0.93 

78.55 

0.31 

10.08 

0.12 

2.20 

0.09 

3.43 

0.13 

1.90 

0.09 

2.71 

0.20 

0.49 

0.07 

0.64 

0.08 

90 

-0.70 

78.44 

0.31 

10.04 

0.12 

2.28 

0.10 

3.56 

0.13 

1.91 

0.09 

2.54 

0.19 

0.57 

0.08 

0.66 

0.08 

91 

-0.46 

78.28 

0.31 

9.99 

0.12 

2.34 

0.10 

3.69 

0.14 

1.92 

0.09 

2.52 

0.18 

0.60 

0.09 

0.67 

0.08 

92 

-0.23 

78.61 

0.31 

10.11 

0.12 

2.21 

0.09 

3.54 

0.13 

1.81 

0.09 

2.48 

0.18 

0.63 

0.09 

0.61 

0.07 

93 

0.00 

78.86 

0.31 

10.03 

0.12 

2.22 

0.09 

3.35 

0.12 

1.87 

0.09 

2.43 

0.18 

0.64 

0.09 

0.61 

0.07 

94 

0.23 

78.59 

0.31 

9.87 

0.12 

2.36 

0.10 

3.54 

0.13 

1.84 

0.09 

2.66 

0.19 

0.58 

0.09 

0.56 

0.07 

95 

0.46 

78.63 

0.31 

10.08 

0.12 

2.33 

0.10 

3.55 

0.13 

1.78 

0.09 

2.58 

0.19 

0.54 

0.08 

0.52 

0.06 

96 

0.70 

78.40 

0.31 

10.09 

0.12 

2.21 

0.09 

3.46 

0.13 

1.83 

0.09 

2.70 

0.20 

0.65 

0.10 

0.65 

0.08 

97 

0.93 

78.05 

0.31 

10.10 

0.12 

2.29 

0.10 

3.50 

0.13 

1.89 

0.09 

3.00 

0.22 

0.55 

0.08 

0.62 

0.07 

98 

1.16 

77.98 

0.31 

10.20 

0.12 

2.31 

0.10 

3.65 

0.13 

1.89 

0.09 

2.76 

0.20 

0.54 

0.08 

0.67 

0.08 

90 

1.39 

77.79 

0.30 

10.19 

0.12 

2.34 

0.10 

3.63 

0.13 

2.01 

0.10 

2.81 

0.21 

0.63 

0.09 

0.61 

0.07 

100 

1.62 

78.00 

0.31 

10.20 

0.12 

2.29 

0.10 

3.45 

0.13 

1.93 

0.10 

2.86 

0.21 

0.61 

0.09 

0.66 

0.08 

101 

1.86 

78.06 

0.31 

10.26 

0.12 

2.27 

0.09 

3.56 

0.13 

1.89 

0.09 

2.80 

0.20 

0.56 

0.08 

0.60 

0.07 

102 

2.09 

77.89 

0.30 

10.33 

0.12 

2.34 

0.10 

3.49 

0.13 

2.02 

0.10 

2.69 

0.20 

0.56 

0.08 

0.67 

0.08 

103 

2.32 

77.98 

0.31 

10.38 

0.13 

2.36 

0.10 

3.49 

0.13 

1.96 

0.10 

2.54 

0.19 

0.61 

0.09 

0.68 

0.08 

104 

2.55 

78.15 

0.31 

10.55 

0.13 

2.24 

0.09 

3.51 

0.13 

1.88 

0.09 

2.52 

0.18 

0.53 

0.08 

0.62 

0.07 

105 

2.78 

78.01 

0.31 

10.50 

0.13 

2.31 

0.10 

3.54 

0.13 

1.93 

0.10 

2.58 

0.19 

0.57 

0.08 

0.56 

0.07 

106 

3.02 

77.75 

0.30 

10.53 

0.13 

2.31 

0.10 

3.65 

0.13 

1.87 

0.09 

2.77 

0.20 

0.56 

0.08 

0.55 

0.07 

107 

3.25 

77.44 

0.30 

10.58 

0.13 

2.51 

0.10 

3.61 

0.13 

1.96 

0.10 

2.74 

0.20 

0.64 

0.09 

0.53 

0.06 

108 

3.48 

77.73 

0.30 

10.55 

0.13 

2.39 

0.10 

3.64 

0.13 

1.98 

0.10 

2.67 

0.20 

0.54 

0.08 

0.51 

0.06 

109 

3.71 

77.54 

0.30 

10.56 

0.13 

2.37 

0.10 

3.73 

0.14 

1.97 

0.10 

2.67 

0.20 

0.59 

0.09 

0.57 

0.07 

110 

3.94 

77.39 

0.30 

10.83 

0.13 

2.28 

0.10 

3.58 

0.13 

2.10 

0.10 

2.62 

0.19 

0.59 

0.09 

0.61 

0.07 

111 

4.18 

77.14 

0.30 

10.81 

0.13 

2.33 

0.10 

3.73 

0.14 

1.99 

0.10 

2.73 

0.20 

0.64 

0.09 

0.62 

0.08 

112 

4.41 

77.60 

0.30 

10.80 

0.13 

2.37 

0.10 

3.54 

0.13 

1.93 

0.09 

2.62 

0.19 

0.54 

0.08 

0.61 

0.07 

113 

4.64 

77.50 

0.30 

10.89 

0.13 

2.28 

0.10 

3.54 

0.13 

1.90 

0.09 

2.72 

0.20 

0.55 

0.08 

0.61 

0.07 

114 

4.87 

77.16 

0.30 

10.92 

0.13 

2.33 

0.10 

3.58 

0.13 

2.08 

0.10 

2.76 

0.20 

0.56 

0.08 

0.61 

0.07 

115 

5.10 

77.14 

0.30 

10.86 

0.13 

2.35 

0.10 

3.67 

0.13 

2.05 

0.10 

2.72 

0.20 

0.59 

0.09 

0.61 

0.07 






APPENDIX J. INTERFACE SCANS USING EDS MAPS 


571 


116 5.34 77.05 0.30 10.76 0.13 2.44 0.10 3.90 0.14 2.02 0.10 2.66 0.19 0.62 0.09 0.54 0.06 

117 5.57 77.05 0.30 10.94 0.13 2.43 0.10 3.72 0.14 2.08 0.10 2.63 0.19 0.56 0.08 0.59 0.07 

118 5.80 76.73 0.30 11.14 0.13 2.37 0.10 3.68 0.13 1.96 0.10 2.82 0.21 0.61 0.09 0.68 0.08 

119 6.03 77.05 0.30 10.91 0.13 2.39 0.10 3.72 0.14 1.97 0.10 2.73 0.20 0.56 0.08 0.67 0.08 

120 6.26 77.31 0.30 10.90 0.13 2.47 0.10 3.65 0.13 1.89 0.09 2.66 0.19 0.54 0.08 0.58 0.07 

121 6.50 76.53 0.30 11.12 0.13 2.58 0.11 3.62 0.13 2.00 0.10 2.94 0.21 0.60 0.09 0.62 0.07 

122 6.73 76.56 0.30 11.19 0.13 2.50 0.10 3.65 0.13 1.87 0.09 2.99 0.22 0.67 0.10 0.57 0.07 

123 6.96 76.91 0.30 11.20 0.13 2.50 0.10 3.64 0.13 1.89 0.09 2.62 0.19 0.66 0.10 0.59 0.07 

124 7.19 77.11 0.30 11.35 0.14 2.37 0.10 3.75 0.14 1.96 0.10 2.22 0.16 0.56 0.08 0.68 0.08 

125 7.42 77.05 0.30 11.20 0.13 2.48 0.10 3.69 0.14 2.08 0.10 2.39 0.17 0.54 0.08 0.58 0.07 

126 7.66 76.46 0.30 11.49 0.14 2.55 0.11 3.63 0.13 2.05 0.10 2.52 0.18 0.63 0.09 0.67 0.08 

127 7.89 76.06 0.30 11.50 0.14 2.55 0.11 3.87 0.14 1.97 0.10 2.82 0.21 0.62 0.09 0.62 0.07 

128 8.12 76.17 0.30 11.47 0.14 2.52 0.11 3.63 0.13 2.12 0.10 2.83 0.21 0.62 0.09 0.64 0.08 

129 8.35 75.96 0.30 11.13 0.13 2.67 0.11 3.80 0.14 2.06 0.10 2.99 0.22 0.64 0.09 0.74 0.09 

130 8.58 76.49 0.30 11.31 0.14 2.50 0.10 3.70 0.14 1.97 0.10 2.79 0.20 0.65 0.10 0.59 0.07 

131 8.82 76.19 0.30 11.37 0.14 2.41 0.10 3.84 0.14 2.08 0.10 2.91 0.21 0.54 0.08 0.66 0.08 

132 9.05 76.04 0.30 11.43 0.14 2.57 0.11 3.76 0.14 2.05 0.10 2.83 0.21 0.63 0.09 0.68 0.08 

133 9.28 75.80 0.30 11.69 0.14 2.64 0.11 3.76 0.14 2.06 0.10 2.79 0.20 0.57 0.08 0.69 0.08 

134 9.51 75.82 0.30 11.61 0.14 2.59 0.11 3.83 0.14 1.96 0.10 2.87 0.21 0.64 0.09 0.68 0.08 

135 9.74 76.06 0.30 11.46 0.14 2.69 0.11 3.73 0.14 2.08 0.10 2.83 0.21 0.54 0.08 0.61 0.07 

136 9.98 76.15 0.30 11.74 0.14 2.56 0.11 3.67 0.13 1.90 0.09 2.82 0.21 0.57 0.08 0.59 0.07 

137 10.21 76.33 0.30 11.58 0.14 2.48 0.10 3.73 0.14 1.84 0.09 2.76 0.20 0.60 0.09 0.67 0.08 

138 10.44 76.36 0.30 11.57 0.14 2.61 0.11 3.62 0.13 1.93 0.09 2.66 0.19 0.61 0.09 0.65 0.08 

139 10.67 76.06 0.30 11.63 0.14 2.56 0.11 3.67 0.13 2.08 0.10 2.80 0.20 0.57 0.08 0.63 0.08 

140 10.90 75.73 0.30 11.79 0.14 2.66 0.11 3.81 0.14 2.05 0.10 2.71 0.20 0.69 0.10 0.55 0.07 

141 11.14 76.29 0.30 11.73 0.14 2.44 0.10 3.61 0.13 2.06 0.10 2.61 0.19 0.64 0.09 0.62 0.07 

142 11.37 75.74 0.30 11.86 0.14 2.54 0.11 3.77 0.14 2.10 0.10 2.73 0.20 0.65 0.09 0.62 0.07 

143 11.60 75.77 0.30 11.70 0.14 2.60 0.11 3.77 0.14 2.16 0.11 2.79 0.20 0.59 0.09 0.62 0.08 

144 11.83 76.09 0.30 11.84 0.14 2.53 0.11 3.55 0.13 2.07 0.10 2.68 0.20 0.60 0.09 0.64 0.08 

145 12.07 76.11 0.30 11.77 0.14 2.47 0.10 3.67 0.13 2.06 0.10 2.54 0.19 0.70 0.10 0.69 0.08 

146 12.30 75.70 0.30 11.84 0.14 2.71 0.11 3.84 0.14 2.08 0.10 2.60 0.19 0.61 0.09 0.62 0.07 

147 12.53 75.55 0.30 11.99 0.14 2.54 0.11 3.78 0.14 2.05 0.10 2.94 0.22 0.49 0.07 0.66 0.08 

148 12.76 76.03 0.30 11.98 0.14 2.38 0.10 3.56 0.13 1.97 0.10 2.83 0.21 0.57 0.08 0.69 0.08 

149 12.99 76.00 0.30 11.88 0.14 2.49 0.10 3.78 0.14 1.97 0.10 2.62 0.19 0.59 0.09 0.68 0.08 

150 13.22 75.57 0.30 11.93 0.14 2.72 0.11 3.74 0.14 2.01 0.10 2.85 0.21 0.53 0.08 0.64 0.08 

151 13.46 75.90 0.30 11.89 0.14 2.64 0.11 3.88 0.14 2.04 0.10 2.47 0.18 0.54 0.08 0.65 0.08 

152 13.69 75.63 0.30 12.05 0.15 2.69 0.11 3.77 0.14 2.08 0.10 2.54 0.19 0.56 0.08 0.68 0.08 

153 13.92 75.48 0.30 12.09 0.15 2.70 0.11 3.78 0.14 2.06 0.10 2.67 0.20 0.58 0.09 0.65 0.08 

154 14.15 75.35 0.29 12.25 0.15 2.68 0.11 3.74 0.14 2.19 0.11 2.65 0.19 0.58 0.09 0.57 0.07 

155 14.39 75.22 0.29 12.18 0.15 2.68 0.11 3.78 0.14 2.11 0.10 2.80 0.21 0.64 0.09 0.59 0.07 

156 14.62 75.51 0.30 11.94 0.14 2.66 0.11 3.86 0.14 2.11 0.10 2.67 0.20 0.62 0.09 0.63 0.08 

157 14.85 75.60 0.30 12.07 0.15 2.65 0.11 3.84 0.14 2.08 0.10 2.60 0.19 0.51 0.08 0.64 0.08 

158 15.08 75.10 0.29 12.18 0.15 2.75 0.11 3.74 0.14 2.21 0.11 2.80 0.20 0.54 0.08 0.69 0.08 

159 15.31 75.38 0.30 12.21 0.15 2.74 0.11 3.83 0.14 2.04 0.10 2.55 0.19 0.50 0.07 0.74 0.09 

160 15.54 75.37 0.30 12.26 0.15 2.63 0.11 3.78 0.14 2.05 0.10 2.65 0.19 0.58 0.08 0.68 0.08 

161 15.78 75.56 0.30 12.34 0.15 2.61 0.11 3.74 0.14 2.09 0.10 2.49 0.18 0.59 0.09 0.59 0.07 

162 16.01 75.48 0.30 12.17 0.15 2.56 0.11 3.81 0.14 2.03 0.10 2.65 0.19 0.64 0.09 0.66 0.08 

163 16.24 74.96 0.29 12.37 0.15 2.60 0.11 3.83 0.14 2.07 0.10 2.90 0.21 0.58 0.09 0.69 0.08 

164 16.47 75.07 0.29 12.30 0.15 2.69 0.11 3.87 0.14 1.99 0.10 2.74 0.20 0.63 0.09 0.71 0.09 

165 16.71 74.85 0.29 12.35 0.15 2.54 0.11 3.92 0.14 2.17 0.11 2.78 0.20 0.73 0.11 0.66 0.08 

166 16.94 74.92 0.29 12.36 0.15 2.66 0.11 3.79 0.14 2.06 0.10 2.89 0.21 0.60 0.09 0.71 0.09 

167 17.17 74.95 0.29 12.34 0.15 2.67 0.11 3.89 0.14 2.16 0.11 2.72 0.20 0.65 0.10 0.62 0.07 

168 17.40 75.18 0.29 12.30 0.15 2.66 0.11 3.74 0.14 2.09 0.10 2.83 0.21 0.53 0.08 0.66 0.08 

169 17.63 75.15 0.29 12.50 0.15 2.75 0.11 3.79 0.14 2.00 0.10 2.63 0.19 0.50 0.07 0.67 0.08 

170 17.86 75.19 0.29 12.32 0.15 2.84 0.12 3.80 0.14 2.13 0.11 2.59 0.19 0.48 0.07 0.64 0.08 




























APPENDIX J. INTERFACE SCANS USING EDS MAPS 


572 


Agglomerate FLD18.2 


Table J.30: Major element compositions (as wt.% oxides) from a line traverse across the interface of interior 
agglomerate FLD18.2 (from agglomerate FLD18.2 to host FLD18) extracted from quantified EDS composi¬ 
tional maps. The EDS compositional maps were collected at a resolution of 4.8 pixels/pm. The smoothing 
width for this traverse was 125 pixels (26 pm) wide. The EDS compositional maps were collected at a 
resolution of 4.3 pixels/pm. The smoothing width for this traverse was 125 pixels (29 pm) wide. This is an 
Si interface and has been centered at x = 0 based on the SiC>2 maximum. Peak points within 2 a of the Si02 
maximum are ^(pighted in yelloj. Uncertainties are 2SEOM. 


Position 


Pt. 

(Mm) 

Si0 2 

2 a 

AI2O3 

2 a 

Na 2 0 

2 a 

k 2 o 

2 a 

CaO 

2 a 

FeO 

2 a 

Ti0 2 

2 a 

MgO 

2 a 

1 

-10.79 

74.85 

0.22 

13.50 

0.15 

2.04 

0.07 

3.96 

0.09 

1.81 

0.08 

2.81 

0.16 

0.50 

0.08 

0.54 

0.05 

2 

-10.58 

74.77 

0.22 

13.57 

0.15 

2.11 

0.08 

3.94 

0.09 

1.83 

0.08 

2.71 

0.16 

0.47 

0.07 

0.60 

0.06 

3 

-10.37 

74.69 

0.22 

13.63 

0.15 

2.05 

0.07 

3.90 

0.09 

1.82 

0.08 

2.76 

0.16 

0.56 

0.09 

0.59 

0.05 

4 

-10.17 

74.93 

0.22 

13.60 

0.15 

2.06 

0.07 

3.87 

0.09 

1.85 

0.08 

2.60 

0.15 

0.51 

0.08 

0.57 

0.05 

5 

-9.96 

74.63 

0.22 

13.53 

0.15 

2.08 

0.07 

3.87 

0.09 

1.79 

0.08 

3.04 

0.17 

0.53 

0.08 

0.54 

0.05 

6 

-9.75 

74.62 

0.22 

13.60 

0.15 

2.07 

0.07 

3.95 

0.09 

1.79 

0.08 

2.87 

0.16 

0.44 

0.07 

0.65 

0.06 

7 

-9.54 

74.69 

0.22 

13.46 

0.15 

2.05 

0.07 

4.00 

0.09 

1.88 

0.08 

2.80 

0.16 

0.52 

0.08 

0.59 

0.05 

8 

-9.34 

74.56 

0.22 

13.35 

0.14 

2.09 

0.07 

3.99 

0.09 

1.85 

0.08 

2.90 

0.17 

0.67 

0.10 

0.58 

0.05 

9 

-9.13 

74.69 

0.22 

13.54 

0.15 

2.07 

0.07 

3.85 

0.09 

1.79 

0.08 

2.94 

0.17 

0.57 

0.09 

0.56 

0.05 

10 

-8.92 

74.92 

0.22 

13.44 

0.14 

2.07 

0.07 

3.87 

0.09 

1.81 

0.08 

2.79 

0.16 

0.52 

0.08 

0.58 

0.05 

11 

-8.71 

74.89 

0.22 

13.39 

0.14 

2.11 

0.08 

3.84 

0.09 

1.83 

0.08 

2.77 

0.16 

0.59 

0.09 

0.57 

0.05 

12 

-8.51 

74.75 

0.22 

13.38 

0.14 

2.13 

0.08 

3.98 

0.09 

1.85 

0.08 

2.83 

0.16 

0.52 

0.08 

0.55 

0.05 

13 

-8.30 

74.84 

0.22 

13.35 

0.14 

2.06 

0.07 

3.90 

0.09 

1.86 

0.08 

2.84 

0.16 

0.53 

0.08 

0.62 

0.06 

14 

-8.09 

74.94 

0.22 

13.40 

0.14 

1.97 

0.07 

3.95 

0.09 

1.85 

0.08 

2.81 

0.16 

0.50 

0.08 

0.59 

0.05 

15 

-7.88 

74.73 

0.22 

13.36 

0.14 

2.11 

0.08 

3.96 

0.09 

1.97 

0.08 

2.79 

0.16 

0.46 

0.07 

0.60 

0.06 

16 

-7.68 

74.94 

0.22 

13.32 

0.14 

2.10 

0.08 

3.74 

0.09 

1.90 

0.08 

2.84 

0.16 

0.52 

0.08 

0.64 

0.06 

17 

-7.47 

74.87 

0.22 

13.30 

0.14 

2.05 

0.07 

3.88 

0.09 

1.84 

0.08 

2.92 

0.17 

0.50 

0.08 

0.65 

0.06 

18 

-7.26 

74.78 

0.22 

13.23 

0.14 

2.07 

0.07 

4.00 

0.09 

1.90 

0.08 

2.89 

0.17 

0.54 

0.08 

0.60 

0.06 

19 

-7.05 

74.89 

0.22 

13.23 

0.14 

2.03 

0.07 

3.90 

0.09 

1.91 

0.08 

2.90 

0.17 

0.51 

0.08 

0.64 

0.06 

20 

-6.85 

74.76 

0.22 

13.20 

0.14 

2.01 

0.07 

3.90 

0.09 

1.90 

0.08 

3.02 

0.17 

0.58 

0.09 

0.62 

0.06 

21 

-6.64 

74.80 

0.22 

13.10 

0.14 

2.07 

0.07 

3.90 

0.09 

2.05 

0.09 

3.00 

0.17 

0.51 

0.08 

0.58 

0.05 

22 

-6.43 

74.78 

0.22 

13.12 

0.14 

2.07 

0.07 

3.84 

0.09 

1.97 

0.08 

3.13 

0.18 

0.50 

0.08 

0.59 

0.05 

23 

-6.22 

74.64 

0.22 

13.06 

0.14 

2.01 

0.07 

3.91 

0.09 

2.05 

0.09 

3.24 

0.19 

0.48 

0.07 

0.61 

0.06 

24 

-6.02 

74.83 

0.22 

13.05 

0.14 

2.03 

0.07 

3.86 

0.09 

1.97 

0.08 

3.15 

0.18 

0.48 

0.07 

0.64 

0.06 

25 

-5.81 

74.71 

0.22 

13.02 

0.14 

2.09 

0.07 

3.85 

0.09 

1.93 

0.08 

3.35 

0.19 

0.53 

0.08 

0.52 

0.05 

26 

-5.60 

74.67 

0.22 

13.00 

0.14 

2.06 

0.07 

3.83 

0.09 

1.98 

0.09 

3.29 

0.19 

0.56 

0.09 

0.61 

0.06 

27 

-5.39 

74.71 

0.22 

12.86 

0.14 

2.06 

0.07 

3.80 

0.09 

2.01 

0.09 

3.35 

0.19 

0.60 

0.09 

0.62 

0.06 

28 

-5.19 

74.82 

0.22 

12.98 

0.14 

2.06 

0.07 

3.67 

0.08 

2.04 

0.09 

3.32 

0.19 

0.48 

0.07 

0.63 

0.06 

29 

-4.98 

75.01 

0.22 

12.89 

0.14 

1.97 

0.07 

3.73 

0.09 

2.07 

0.09 

3.26 

0.19 

0.42 

0.06 

0.66 

0.06 

30 

-4.77 

75.18 

0.22 

12.85 

0.14 

1.94 

0.07 

3.81 

0.09 

1.97 

0.08 

3.10 

0.18 

0.53 

0.08 

0.62 

0.06 

31 

-4.56 

74.80 

0.22 

12.75 

0.14 

1.93 

0.07 

3.75 

0.09 

2.01 

0.09 

3.55 

0.20 

0.51 

0.08 

0.72 

0.07 

32 

-4.36 

74.84 

0.22 

12.61 

0.14 

1.88 

0.07 

3.81 

0.09 

2.01 

0.09 

3.68 

0.21 

0.49 

0.08 

0.67 

0.06 

33 

-4.15 

74.85 

0.22 

12.54 

0.14 

1.99 

0.07 

3.82 

0.09 

1.95 

0.08 

3.71 

0.21 

0.50 

0.08 

0.64 

0.06 

34 

-3.94 

75.06 

0.22 

12.47 

0.13 

2.00 

0.07 

3.77 

0.09 

1.94 

0.08 

3.67 

0.21 

0.48 

0.07 

0.62 

0.06 

35 

-3.73 

75.39 

0.22 

12.48 

0.13 

1.84 

0.07 

3.80 

0.09 

1.93 

0.08 

3.38 

0.19 

0.48 

0.07 

0.70 

0.06 

36 

-3.53 

75.60 

0.22 

12.19 

0.13 

1.83 

0.07 

3.73 

0.09 

1.97 

0.08 

3.43 

0.20 

0.54 

0.08 

0.70 

0.06 

37 

-3.32 

75.53 

0.22 

11.96 

0.13 

1.91 

0.07 

3.78 

0.09 

2.02 

0.09 

3.67 

0.21 

0.49 

0.08 

0.64 

0.06 

38 

-3.11 

75.93 

0.22 

11.86 

0.13 

1.77 

0.06 

3.77 

0.09 

1.90 

0.08 

3.59 

0.21 

0.52 

0.08 

0.66 

0.06 

39 

-2.90 

76.30 

0.22 

11.80 

0.13 

1.71 

0.06 

3.71 

0.08 

1.86 

0.08 

3.46 

0.20 

0.55 

0.09 

0.61 

0.06 

40 

-2.70 

76.65 

0.22 

11.57 

0.12 

1.72 

0.06 

3.68 

0.08 

1.81 

0.08 

3.51 

0.20 

0.44 

0.07 

0.62 

0.06 

41 

-2.49 

76.94 

0.22 

11.26 

0.12 

1.75 

0.06 

3.64 

0.08 

1.76 

0.08 

3.52 

0.20 

0.50 

0.08 

0.64 

0.06 

42 

-2.28 

77.16 

0.22 

11.00 

0.12 

1.75 

0.06 

3.60 

0.08 

1.77 

0.08 

3.54 

0.20 

0.53 

0.08 

0.65 

0.06 

43 

-2.07 

77.44 

0.22 

10.76 

0.12 

1.69 

0.06 

3.64 

0.08 

1.65 

0.07 

3.69 

0.21 

0.51 

0.08 

0.62 

0.06 

44 

-1.87 

78.01 

0.23 

10.49 

0.11 

1.61 

0.06 

3.64 

0.08 

1.62 

0.07 

3.54 

0.20 

0.51 

0.08 

0.59 

0.05 

45 

-1.66 

78.48 

0.23 

10.22 

0.11 

1.62 

0.06 

3.62 

0.08 

1.52 

0.07 

3.40 

0.19 

0.52 

0.08 

0.62 

0.06 

46 

-1.45 

78.89 

0.23 

10.01 

0.11 

1.68 

0.06 

3.45 

0.08 

1.43 

0.06 

3.51 

0.20 

0.45 

0.07 

0.57 

0.05 

47 

-1.24 

79.22 

0.23 

9.78 

0.11 

1.53 

0.05 

3.46 

0.08 

1.37 

0.06 

3.60 

0.21 

0.42 

0.07 

0.62 

0.06 

48 

-1.04 

79.56 

0.23 

9.60 

0.10 

1.51 

0.05 

3.57 

0.08 

1.38 

0.06 

3.38 

0.19 

0.42 

0.07 

0.58 

0.05 

49 

-0.83 

80.12 

0.23 

9.42 

0.10 

1.43 

0.05 

3.35 

0.08 

1.33 

0.06 

3.34 

0.19 

0.48 

0.07 

0.53 

0.05 
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50 

-0.62 

80.12 

0.23 

9.23 

0.10 

1.34 

0.05 

3.35 

0.08 

1.36 

0.06 

3.50 

0.20 

0.53 

0.08 

0.56 

0.05 

51 

-0.42 

79.98 

0.23 

9.11 

0.10 

1.39 

0.05 

3.46 

0.08 

1.38 

0.06 

3.55 

0.20 

0.54 

0.08 

0.58 

0.05 

52 

-0.21 

80.29 

0.23 

9.10 

0.10 

1.46 

0.05 

3.51 

0.08 

1.32 

0.06 

3.27 

0.19 

0.46 

0.07 

0.60 

0.06 

53 

0.00 

80.36 

0.23 

9.09 

0.10 

1.43 

0.05 

3.48 

0.08 

1.25 

0.05 

3.32 

0.19 

0.46 

0.07 

0.61 

0.06 

54 

0.21 

79.97 

0.23 

9.23 

0.10 

1.44 

0.05 

3.49 

0.08 

1.25 

0.05 

3.56 

0.20 

0.44 

0.07 

0.61 

0.06 

55 

0.41 

79.87 

0.23 

9.41 

0.10 

1.49 

0.05 

3.44 

0.08 

1.33 

0.06 

3.46 

0.20 

0.49 

0.08 

0.49 

0.05 

56 

0.62 

79.33 

0.23 

9.67 

0.10 

1.54 

0.06 

3.56 

0.08 

1.43 

0.06 

3.42 

0.20 

0.52 

0.08 

0.53 

0.05 

57 

0.83 

78.87 

0.23 

9.87 

0.11 

1.64 

0.06 

3.58 

0.08 

1.47 

0.06 

3.51 

0.20 

0.45 

0.07 

0.62 

0.06 

58 

1.04 

78.18 

0.23 

10.12 

0.11 

1.69 

0.06 

3.66 

0.08 

1.55 

0.07 

3.72 

0.21 

0.45 

0.07 

0.63 

0.06 

59 

1.24 

77.89 

0.23 

10.50 

0.11 

1.64 

0.06 

3.65 

0.08 

1.49 

0.06 

3.78 

0.22 

0.46 

0.07 

0.59 

0.05 

60 

1.45 

77.37 

0.22 

10.75 

0.12 

1.74 

0.06 

3.67 

0.08 

1.62 

0.07 

3.80 

0.22 

0.39 

0.06 

0.65 

0.06 

61 

1.66 

76.94 

0.22 

11.07 

0.12 

1.79 

0.06 

3.74 

0.09 

1.68 

0.07 

3.58 

0.21 

0.50 

0.08 

0.70 

0.06 

62 

1.87 

76.79 

0.22 

11.23 

0.12 

1.87 

0.07 

3.75 

0.09 

1.72 

0.07 

3.52 

0.20 

0.50 

0.08 

0.63 

0.06 

63 

2.07 

76.12 

0.22 

11.49 

0.12 

1.92 

0.07 

3.78 

0.09 

1.83 

0.08 

3.66 

0.21 

0.54 

0.08 

0.66 

0.06 

64 

2.28 

75.84 

0.22 

11.71 

0.13 

1.90 

0.07 

3.77 

0.09 

1.90 

0.08 

3.70 

0.21 

0.51 

0.08 

0.66 

0.06 

65 

2.49 

75.59 

0.22 

11.88 

0.13 

1.86 

0.07 

3.82 

0.09 

1.96 

0.08 

3.81 

0.22 

0.48 

0.07 

0.60 

0.06 

66 

2.70 

75.26 

0.22 

12.17 

0.13 

1.90 

0.07 

3.81 

0.09 

1.99 

0.09 

3.70 

0.21 

0.52 

0.08 

0.65 

0.06 

67 

2.90 

74.97 

0.22 

12.24 

0.13 

2.05 

0.07 

3.82 

0.09 

2.08 

0.09 

3.74 

0.21 

0.44 

0.07 

0.67 

0.06 

68 

3.11 

74.97 

0.22 

12.40 

0.13 

1.96 

0.07 

3.78 

0.09 

2.09 

0.09 

3.63 

0.21 

0.51 

0.08 

0.66 

0.06 

69 

3.32 

75.02 

0.22 

12.52 

0.14 

1.94 

0.07 

3.76 

0.09 

2.08 

0.09 

3.43 

0.20 

0.55 

0.09 

0.70 

0.06 

70 

3.53 

74.53 

0.22 

12.60 

0.14 

2.0:-! 

0.07 

3.92 

0.09 

2.11 

0.09 

3.62 

0.21 

0.50 

0.08 

0.69 

0.06 

71 

3.73 

74.56 

0.22 

12.79 

0.14 

2.05 

0.07 

3.94 

0.09 

2.11 

0.09 

3.37 

0.19 

0.48 

0.07 

0.69 

0.06 

72 

3.94 

74.28 

0.22 

12.84 

0.14 

2.10 

0.08 

3.91 

0.09 

2.19 

0.09 

3.44 

0.20 

0.54 

0.08 

0.69 

0.06 

73 

4.15 

74.01 

0.21 

12.98 

0.14 

2.15 

0.08 

3.93 

0.09 

2.23 

0.10 

3.52 

0.20 

0.56 

0.09 

0.64 

0.06 

74 

4.36 

74.33 

0.22 

13.10 

0.14 

2.06 

0.07 

3.91 

0.09 

2.18 

0.09 

3.33 

0.19 

0.48 

0.07 

0.62 

0.06 

75 

4.56 

74.28 

0.22 

12.98 

0.14 

2.06 

0.07 

3.92 

0.09 

2.10 

0.09 

3.52 

0.20 

0.49 

0.08 

0.65 

0.06 

76 

4.77 

74.30 

0.22 

13.07 

0.14 

2.08 

0.07 

3.90 

0.09 

2.21 

0.09 

3.36 

0.19 

0.48 

0.07 

0.61 

0.06 

77 

4.98 

74.24 

0.22 

13.10 

0.14 

2.06 

0.07 

3.96 

0.09 

2.20 

0.09 

3.27 

0.19 

0.52 

0.08 

0.67 

0.06 

78 

5.19 

74.02 

0.21 

13.20 

0.14 

2.09 

0.07 

3.91 

0.09 

2.10 

0.09 

3.43 

0.20 

0.58 

0.09 

0.67 

0.06 

79 

5.39 

74.05 

0.21 

13.32 

0.14 

2.04 

0.07 

3.96 

0.09 

2.13 

0.09 

3.32 

0.19 

0.53 

0.08 

0.65 

0.06 

80 

5.60 

73.96 

0.21 

13.25 

0.14 

2.11 

0.08 

3.90 

0.09 

2.24 

0.10 

3.42 

0.20 

0.52 

0.08 

0.59 

0.05 

81 

5.81 

73.94 

0.21 

13.27 

0.14 

2.19 

0.08 

3.84 

0.09 

2.28 

0.10 

3.39 

0.19 

0.47 

0.07 

0.64 

0.06 

82 

6.02 

74.01 

0.21 

13.29 

0.14 

2.16 

0.08 

3.96 

0.09 

2.14 

0.09 

3.30 

0.19 

0.47 

0.07 

0.67 

0.06 

83 

6.22 

74.12 

0.22 

13.20 

0.14 

2.22 

0.08 

4.06 

0.09 

2.14 

0.09 

3.17 

0.18 

0.46 

0.07 

0.63 

0.06 

84 

6.43 

74.11 

0.22 

13.30 

0.14 

2.28 

0.08 

3.89 

0.09 

2.09 

0.09 

3.17 

0.18 

0.49 

0.08 

0.67 

0.06 

85 

6.64 

74.51 

0.22 

13.32 

0.14 

2.16 

0.08 

3.89 

0.09 

1.98 

0.09 

3.02 

0.17 

0.49 

0.08 

0.63 

0.06 

86 

6.85 

74.49 

0.22 

13.15 

0.14 

2.18 

0.08 

4.03 

0.09 

1.96 

0.08 

3.01 

0.17 

0.55 

0.09 

0.62 

0.06 

87 

7.05 

74.53 

0.22 

13.21 

0.14 

2.08 

0.07 

4.02 

0.09 

2.02 

0.09 

3.07 

0.18 

0.50 

0.08 

0.57 

0.05 

88 

7.26 

74.45 

0.22 

13.39 

0.14 

2.07 

0.07 

3.98 

0.09 

2.02 

0.09 

3.06 

0.18 

0.48 

0.07 

0.54 

0.05 

89 

7.47 

74.39 

0.22 

13.17 

0.14 

2.09 

0.07 

4.06 

0.09 

2.01 

0.09 

3.15 

0.18 

0.53 

0.08 

0.61 

0.06 

90 

7.68 

74.11 

0.22 

13.36 

0.14 

2.13 

0.08 

4.01 

0.09 

2.03 

0.09 

3.23 

0.18 

0.53 

0.08 

0.61 

0.06 

91 

7.88 

74.31 

0.22 

13.38 

0.14 

2.20 

0.08 

4.01 

0.09 

2.01 

0.09 

3.04 

0.17 

0.48 

0.07 

0.57 

0.05 

92 

8.09 

74.52 

0.22 

13.23 

0.14 

2.15 

0.08 

3.99 

0.09 

2.01 

0.09 

2.98 

0.17 

0.51 

0.08 

0.60 

0.06 

93 

8.30 

74.58 

0.22 

13.30 

0.14 

2.11 

0.08 

3.95 

0.09 

1.90 

0.08 

2.95 

0.17 

0.55 

0.09 

0.66 

0.06 

94 

8.51 

74.33 

0.22 

13.19 

0.14 

2.09 

0.07 

4.03 

0.09 

1.98 

0.09 

3.16 

0.18 

0.58 

0.09 

0.63 

0.06 

95 

8.71 

74.48 

0.22 

13.23 

0.14 

2.07 

0.07 

4.00 

0.09 

1.96 

0.08 

3.12 

0.18 

0.56 

0.09 

0.58 

0.05 

96 

8.92 

74.69 

0.22 

13.11 

0.14 

2.11 

0.08 

3.94 

0.09 

2.04 

0.09 

2.99 

0.17 

0.53 

0.08 

0.59 

0.05 

97 

9.13 

74.43 

0.22 

13.20 

0.14 

2.12 

0.08 

4.10 

0.09 

1.93 

0.08 

3.01 

0.17 

0.55 

0.09 

0.66 

0.06 

98 

9.34 

74.65 

0.22 

13.20 

0.14 

2.17 

0.08 

4.08 

0.09 

1.87 

0.08 

2.84 

0.16 

0.56 

0.09 

0.62 

0.06 

99 

9.54 

74.53 

0.22 

13.19 

0.14 

2.13 

0.08 

3.99 

0.09 

2.04 

0.09 

2.94 

0.17 

0.52 

0.08 

0.65 

0.06 

100 

9.75 

74.57 

0.22 

13.14 

0.14 

2.22 

0.08 

3.97 

0.09 

1.98 

0.09 

2.98 

0.17 

0.55 

0.09 

0.60 

0.05 

101 

9.96 

74.61 

0.22 

13.19 

0.14 

2.12 

0.08 

4.03 

0.09 

1.89 

0.08 

3.06 

0.18 

0.51 

0.08 

0.60 

0.05 

102 

10.17 

74.91 

0.22 

13.17 

0.14 

2.08 

0.07 

4.01 

0.09 

1.83 

0.08 

2.81 

0.16 

0.55 

0.08 

0.64 

0.06 

103 

10.37 

74.54 

0.22 

13.25 

0.14 

2.15 

0.08 

4.01 

0.09 

1.89 

0.08 

3.00 

0.17 

0.56 

0.09 

0.61 

0.06 

104 

10.58 

74.69 

0.22 

13.07 

0.14 

2.18 

0.08 

3.93 

0.09 

1.95 

0.08 

3.07 

0.18 

0.56 

0.09 

0.55 

0.05 

105 

10.79 

74.90 

0.22 

12.99 

0.14 

2.07 

0.07 

4.01 

0.09 

1.89 

0.08 

2.97 

0.17 

0.52 

0.08 

0.65 

0.06 

106 

11.00 

74.73 

0.22 

13.08 

0.14 

2.20 

0.08 

4.08 

0.09 

1.95 

0.08 

2.81 

0.16 

0.53 

0.08 

0.62 

0.06 

107 

11.20 

74.97 

0.22 

13.14 

0.14 

2.12 

0.08 

4.13 

0.09 

1.84 

0.08 

2.69 

0.15 

0.54 

0.08 

0.57 

0.05 

108 

11.41 

74.84 

0.22 

13.11 

0.14 

2.17 

0.08 

4.01 

0.09 

1.91 

0.08 

2.91 

0.17 

0.48 

0.07 

0.58 

0.05 

109 

11.62 

74.74 

0.22 

13.12 

0.14 

2.11 

0.08 

4.02 

0.09 

1.89 

0.08 

3.03 

0.17 

0.51 

0.08 

0.58 

0.05 

110 

11.83 

74.73 

0.22 

13.10 

0.14 

2.13 

0.08 

4.09 

0.09 

1.89 

0.08 

2.88 

0.17 

0.56 

0.09 

0.61 

0.06 
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Agglomerate U1B.L 


Table J.31: Major element compositions (as wt.% oxides) from a line traverse across the interface of interior 
agglomerate U1B.L (from agglomerate U1B.L to host U1B) extracted from quantified EDS compositional 
maps. The EDS compositional maps were collected at a resolution of 8.1 pixels/pm. The smoothing width 
for this traverse was 250 pixels (19.8 pm) wide. This is an Si interface and has been centered at x = 0 based 
on the SiC >2 maximum. Peak points within 2a of the SiC >2 maximum are highlighted in yellow. Uncertainties 
are 2SEOM. 


Position 
Pt. (|im) 

1 -17.33 

2 -17.20 

3 -17.08 

4 -16.96 

5 -16.83 

6 -16.71 

7 -16.58 

8 -16.46 

9 -16.34 

10 -16.21 

11 -16.09 

12 -15.97 

13 -15.84 

14 -15.72 

15 -15.59 

16 -15.47 

17 -15.35 

18 -15.22 

19 -15.10 

20 -14.98 

21 -14.85 

22 -14.73 

23 -14.60 

24 -14.48 

25 -14.36 

26 -14.23 

27 -14.11 

28 -13.99 

29 -13.86 

30 -13.74 

31 -13.61 

32 -13.49 

33 -13.37 

34 -13.24 

35 -13.12 

36 -13.00 

37 -12.87 

38 -12.75 

39 -12.62 

40 -12.50 

41 -12.38 

42 -12.25 

43 -12.13 

44 -12.01 

45 -11.88 

46 -11.76 

47 -11.63 

48 -11.51 

49 -11.39 

50 -11.26 


SiC>2 2 a 
71.56 0.23 
71.72 0.24 

71.53 0.23 
71.55 0.23 
71.84 0.24 
71.82 0.24 
71.80 0.24 

71.65 0.23 
71.47 0.23 

71.78 0.24 

71.54 0.23 

71.62 0.23 
71.93 0.24 
71.71 0.23 
71.75 0.24 
71.74 0.24 

71.79 0.24 
71.70 0.23 

71.61 0.23 

71.82 0.24 
71.50 0.23 
71.95 0.24 

71.63 0.23 

71.74 0.24 

71.80 0.24 
71.54 0.23 
71.69 0.23 

71.66 0.23 

71.77 0.24 

71.78 0.24 
71.44 0.23 

71.66 0.23 
71.26 0.23 

71.67 0.23 
72.13 0.24 

71.75 0.24 

71.81 0.24 
71.93 0.24 
71.89 0.24 
71.53 0.23 
71.23 0.23 

71.62 0.23 
71.66 0.23 

71.83 0.24 
71.89 0.24 
71.66 0.23 
71.65 0.23 
71.43 0.23 
71.52 0.23 
71.89 0.24 


AI2O3 

15.33 

15.35 

15.44 

15.33 
15.28 

15.12 
15.30 

15.34 
15.40 
15.27 
15.26 

15.30 
15.23 
15.51 

15.31 

15.23 
15.17 
15.30 
15.40 

15.30 
15.40 

15.24 

15.35 

15.26 

15.31 
15.24 

15.17 

15.19 

15.13 
15.10 

15.18 
15.24 

15.27 

15.28 

15.20 

15.27 

15.15 
15.17 

15.35 

15.24 

15.28 
15.37 
15.31 

15.29 

15.25 

15.36 

15.16 
15.28 
15.20 
15.04 


2 a 

0.14 

0.14 

0.15 

0.14 

0.14 

0.14 

0.14 

0.14 

0.15 

0.14 

0.14 

0.14 

0.14 

0.15 

0.14 

0.14 

0.14 

0.14 

0.15 

0.14 

0.15 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 


Na 2 Q 

3.06 


2.99 

2.91 

3.07 

2.98 

3.03 

2.93 
3.02 
3.05 
3.11 
3.09 

2.97 
3.00 

2.98 

2.99 
2.95 
3.00 

2.94 
3.00 

2.95 


2.94 

3.01 

3.00 

3.01 

2.97 

3.01 

2.97 
2.94 
2.99 
3.01 
2.99 
3.03 
2.99 
2.99 
2.87 

2.94 
3.13 
3.07 
3.01 

2.95 
3.11 

2.96 

2.98 


2.98 


2 a 

W 

0.10 

0.10 

0.10 

0.09 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.09 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 


K 2 Q 2 a 

3.50 0.11 

3.47 0.11 
3.42 0.11 
3.54 0.11 
3.54 0.11 
3.58 0.12 
3.58 0.12 

3.48 0.11 

3.53 0.11 
3.48 0.11 

3.42 0.11 

3.43 0.11 

3.51 0.11 

3.54 0.11 
3.61 0.12 

3.48 0.11 
3.56 0.12 
3.47 0.11 
3.56 0.12 
3.42 0.11 
3.42 0.11 
3.47 0.11 
3.50 0.11 
3.40 0.11 
3.40 0.11 

3.49 0.11 
3.56 0.12 

3.49 0.11 

3.53 0.11 

3.47 0.11 

3.56 0.12 

3.57 0.12 

3.54 0.11 

3.58 0.12 

3.42 0.11 

3.55 0.12 

3.59 0.12 

3.44 0.11 

3.43 0.11 

3.50 0.11 

3.52 0.11 
3.50 0.11 
3.52 0.11 
3.40 0.11 

3.44 0.11 
3.44 0.11 

3.48 0.11 
3.47 0.11 
3.36 0.11 
3.38 0.11 


CaO 2 a 

1.56 0.08 
1.58 0.09 
1.53 0.08 

1.58 0.09 
1.50 0.08 
1.53 0.08 

1.49 0.08 
1.53 0.08 

1.48 0.08 

1.50 0.08 
1.53 0.08 
1.42 0.08 
1.53 0.08 
1.52 0.08 
1.50 0.08 

1.59 0.09 

1.60 0.09 

1.61 0.09 
1.47 0.08 

1.52 0.08 

1.57 0.09 

1.53 0.08 
1.64 0.09 

1.49 0.08 

1.49 0.08 
1.56 0.08 
1.60 0.09 

1.60 0.09 
1.64 0.09 

1.50 0.08 
1.63 0.09 
1.59 0.09 
1.66 0.09 

1.51 0.08 
1.56 0.08 

1.51 0.08 
1.49 0.08 

1.53 0.08 

1.61 0.09 

1.56 0.08 

1.62 0.09 

1.63 0.09 

1.57 0.09 
1.47 0.08 

1.52 0.08 

1.54 0.08 

1.64 0.09 
1.59 0.09 
1.62 0.09 

1.58 0.09 


FeO 2 a T1O2 

3.38 0.18 073" 

3.30 0.18 0.77 

3.48 0.19 0.75 

3.38 0.18 0.79 

3.41 0.19 0.71 

3.34 0.18 0.73 

3.33 0.18 0.73 

3.30 0.18 0.81 

3.45 0.19 0.84 

3.28 0.18 0.84 

3.51 0.19 0.81 

3.38 0.18 0.85 

3.20 0.17 0.74 

3.20 0.17 0.74 

3.32 0.18 0.65 

3.31 0.18 0.80 

3.20 0.17 0.84 

3.25 0.18 0.81 

3.35 0.18 0.76 

3.47 0.19 0.74 

3.41 0.19 0.81 

3.20 0.18 0.80 

3.20 0.17 0.87 

3.46 0.19 0.76 

3.39 0.19 0.80 

3.41 0.19 0.86 

3.34 0.18 0.77 

3.30 0.18 0.88 

3.37 0.18 0.75 

3.40 0.19 0.81 

3.42 0.19 0.81 

3.40 0.19 0.72 

3.55 0.19 0.82 

3.27 0.18 0.80 

3.21 0.18 0.68 

3.41 0.19 0.64 

3.37 0.18 0.76 

3.33 0.18 0.75 

3.11 0.17 0.81 

3.47 0.19 0.83 

3.61 0.20 0.76 

3.28 0.18 0.72 

3.27 0.18 0.76 

3.32 0.18 0.84 

3.17 0.17 0.77 

3.40 0.19 0.76 

3.34 0.18 0.82 

3.49 0.19 0.86 

3.53 0.19 0.94 

3.43 0.19 0.87 


2a- 

“007" 

0.07 

0.07 


0.07 

0.07 

0.07 


0.07 

0.07 


0.07 

0.07 


0.07 

0.08 

0.08 

0.07 

0.08 

0.07 

0.08 

0.08 

0.07 

0.08 

0.08 

0.07 

0.06 

0.07 

0.07 


0.07 

0.07 

0.07 

0.08 

0.07 

0.07 

0.08 

0.08 

0.09 

0.08 


MgO 2 ct 
0.87 0.07 
0.83 0.06 
0.85 0.06 
0.84 0.06 
0.82 0.06 
0.81 0.06 
0.79 0.06 
0.85 0.06 
0.90 0.07 
0.84 0.06 
0.87 0.07 
0.89 0.07 
0.78 0.06 
0.81 0.06 
0.85 0.06 
0.87 0.07 
0.85 0.06 
0.89 0.07 
0.84 0.06 
0.79 0.06 
0.89 0.07 
0.86 0.06 
0.83 0.06 
0.87 0.07 
0.86 0.07 
0.89 0.07 
0.86 0.06 
0.86 0.07 
0.84 0.06 
0.94 0.07 
0.98 0.07 
0.89 0.07 
0.91 0.07 
0.88 0.07 
0.81 0.06 
0.83 0.06 
0.85 0.06 
0.87 0.07 
0.94 0.07 
0.92 0.07 
0.84 0.06 
0.81 0.06 
0.89 0.07 
0.90 0.07 
0.84 0.06 
0.88 0.07 
0.92 0.07 
0.84 0.06 
0.83 0.06 
0.85 0.06 
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1.50 0.23 15.22 0.1 

X!ANS usm 

3.02 0.10 

G EDS MAPS 

3.44 0.11 1.54 0.08 

3.63 

0.20 

0.78 

0.08 

0.86 

575 

0.06 


2 

-11.02 

7 

1.49 

0.23 

15.30 0.1 


3.04 

0.10 

3.51 

0.11 

1.57 

0.09 

3.54 

0.19 

0.73 

0.07 

0.83 

0.06 


3 

-10.89 

7 

1.68 

0.23 

15.21 0.1 


2.96 

0.10 

3.64 

0.12 

1.65 

0.09 

3.32 

0.18 

0.72 

0.07 

0.81 

0.06 


4 

-10.77 

7 

1.68 

0.23 

15.33 0.1 


3.04 

0.10 

3.50 

0.11 

1.60 

0.09 

3.35 

0.18 

0.71 

0.07 

0.78 

0.06 


5 

-10.64 

7 

1.43 

0.23 

15.34 0.1 


2.97 

0.10 

3.43 

0.11 

1.60 

0.09 

3.61 

0.20 

0.70 

0.07 

0.92 

0.07 


6 

-10.52 

7 

1.67 

0.23 

15.17 0.1 


3.03 

0.10 

3.44 

0.11 

1.65 

0.09 

3.35 

0.18 

0.82 

0.08 

0.87 

0.07 


7 

-10.40 

7 

1.75 

0.24 

15.02 0.1 


3.16 

0.10 

3.54 

0.11 

1.54 

0.08 

3.39 

0.19 

0.74 

0.07 

0.85 

0.06 


8 

-10.27 

7 

1.72 

0.24 

15.10 0.1 


3.01 

0.10 

3.50 

0.11 

1.67 

0.09 

3.40 

0.19 

0.82 

0.08 

0.79 

0.06 


9 

-10.15 

7 

1.70 

0.23 

15.21 0.1 


3.00 

0.10 

3.49 

0.11 

1.62 

0.09 

3.37 

0.18 

0.78 

0.08 

0.82 

0.06 


0 

-10.03 

7 

1.75 

0.24 

15.16 0.1 


3.02 

0.10 

3.46 

0.11 

1.67 

0.09 

3.26 

0.18 

0.79 

0.08 

0.89 

0.07 


1 

-9.90 

7 

1.62 

0.23 

15.15 0.1 


3.06 

0.10 

3.61 

0.12 

1.60 

0.09 

3.38 

0.18 

0.75 

0.07 

0.82 

0.06 

( 

2 

-9.78 

7 

1.48 

0.23 
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2.93 

0.10 

3.56 

0.12 

1.62 

0.09 

3.54 

0.19 

0.76 

0.07 

0.88 

0.07 


3 

-9.65 

7 

1.61 

0.23 

15.31 0.1 


3.04 

0.10 

3.47 

0.11 

1.61 

0.09 

3.43 

0.19 

0.74 

0.07 

0.78 

0.06 


4 

-9.53 

7 

1.74 

0.24 

15.19 0.1 


3.07 

0.10 

3.55 

0.11 

1.58 

0.09 

3.29 

0.18 

0.80 

0.08 

0.79 

0.06 


5 

-9.41 

7 

1.64 

0.23 

15.05 0.1 


3.10 

0.10 

3.39 

0.11 

1.70 

0.09 

3.42 

0.19 

0.79 

0.08 

0.91 

0.07 


6 

-9.28 

7 

1.61 

0.23 

15.03 0.1 


3.05 

0.10 

3.43 

0.11 

1.60 

0.09 

3.60 

0.20 

0.77 

0.07 

0.89 

0.07 


7 

-9.16 

7 

1.44 

0.23 

15.20 0.1 


3.00 

0.10 

3.51 

0.11 

1.58 

0.09 

3.55 

0.19 

0.88 

0.08 

0.84 

0.06 


8 

-9.04 

7 

1.50 

0.23 

15.18 0.1 


3.04 

0.10 

3.35 

0.11 

1.69 

0.09 

3.59 

0.20 

0.78 

0.08 

0.86 

0.07 


9 

-8.91 

7 

1.33 

0.23 

15.23 0.1 


2.98 

0.10 

3.39 

0.11 

1.61 

0.09 

3.68 

0.20 

0.78 

0.08 

1.00 

0.08 


0 

-8.79 

7 

1.56 

0.23 

15.17 0.1 


3.03 

0.10 

3.49 

0.11 

1.68 

0.09 

3.36 

0.18 

0.85 

0.08 

0.86 

0.07 


1 

-8.66 

7 

1.71 

0.23 

15.30 0.1 


2.95 

0.10 

3.45 

0.11 

1.64 

0.09 

3.37 

0.18 

0.78 

0.08 

0.80 

0.06 

' 

2 

-8.54 

7 

1.68 

0.23 

15.23 0.1 


2.83 

0.09 

3.48 

0.11 

1.65 

0.09 

3.55 

0.19 

0.70 

0.07 

0.87 

0.07 


3 

-8.42 

7 

1.54 

0.23 

15.12 0.1 


2.95 

0.10 

3.40 

0.11 

1.82 

0.10 

3.46 

0.19 

0.86 

0.08 

0.86 

0.06 


4 

-8.29 

7 

2.06 

0.24 

14.97 0.1 


2.96 

0.10 

3.44 

0.11 

1.67 

0.09 

3.33 

0.18 

0.72 

0.07 

0.85 

0.06 


5 

-8.17 

7 

1.68 

0.23 

15.18 0.1 


3.00 

0.10 

3.41 

0.11 

1.60 

0.09 

3.47 

0.19 

0.78 

0.08 

0.86 

0.07 


6 

-8.05 

7 

1.71 

0.23 

15.10 0.1 


2.89 

0.09 

3.59 

0.12 

1.61 

0.09 

3.41 

0.19 

0.77 

0.07 

0.91 

0.07 


7 

-7.92 

7 

1.72 

0.24 

15.03 0.1 


2.99 

0.10 

3.54 

0.11 

1.58 

0.09 

3.54 

0.19 

0.74 

0.07 

0.86 

0.06 


8 

-7.80 

7 

1.70 

0.23 

15.11 0.1 


3.09 

0.10 

3.56 

0.12 

1.51 

0.08 

3.43 

0.19 

0.79 

0.08 

0.82 

0.06 


9 

-7.67 

7 

1.57 

0.23 

15.18 0.1 


3.04 

0.10 

3.42 

0.11 

1.66 

0.09 

3.52 

0.19 

0.75 

0.07 

0.87 

0.07 

80 

-7.55 

7 

1.50 

0.23 

14.92 0.1 


2.99 

0.10 

3.59 

0.12 

1.63 

0.09 

3.65 

0.20 

0.82 

0.08 

0.90 

0.07 


1 

-7.43 

7 

1.59 

0.23 

14.94 0.1 


3.12 

0.10 

3.50 

0.11 

1.58 

0.09 

3.60 

0.20 

0.76 

0.07 

0.90 

0.07 

82 

-7.30 

7 

1.70 

0.23 

14.92 0.1 


2.99 

0.10 

3.49 

0.11 

1.61 

0.09 

3.59 

0.20 

0.80 

0.08 

0.91 

0.07 

83 

-7.18 

7 

2.06 

0.24 

14.91 0.1 


3.03 

0.10 

3.46 

0.11 

1.64 

0.09 

3.30 

0.18 

0.77 

0.07 

0.83 

0.06 


4 

-7.06 

7 

1.82 

0.24 

15.13 0.1 


2.97 

0.10 

3.52 

0.11 

1.58 

0.09 

3.43 

0.19 

0.73 

0.07 

0.80 

0.06 


5 

-6.93 

7 

1.54 

0.23 

15.06 0.1 


2.99 

0.10 

3.56 

0.12 

1.66 

0.09 

3.55 

0.19 

0.80 

0.08 

0.84 

0.06 

86 

-6.81 

7: 

1.72 

0.24 

15.00 0.1 

4 

3.08 

0.10 

3.51 

0.11 

1.64 

0.09 

3.45 

0.19 

0.76 

0.07 

0.83 

0.06 


7 

-6.68 

7: 

1.77 

0.24 

14.97 0.1 

4 

2.99 

0.10 

3.41 

0.11 

1.65 

0.09 

3.62 

0.20 

0.75 

0.07 

0.85 

0.06 

88 

-6.56 

7: 

2.04 

0.24 

14.88 0.1 

4 

2.99 

0.10 

3.55 

0.11 

1.60 

0.09 

3.35 

0.18 

0.76 

0.07 

0.83 

0.06 

89 

-6.44 

7: 

2.06 

0.24 

14.88 0.1 

4 

2.94 

0.10 

3.41 

0.11 

1.57 

0.09 

3.56 

0.19 

0.71 

0.07 

0.86 

0.07 

90 

-6.31 

7: 

1.83 

0.24 

14.99 0.1 

4 

2.97 

0.10 

3.38 

0.11 

1.59 

0.09 

3.62 

0.20 

0.74 

0.07 

0.88 

0.07 


1 

-6.19 

7 

1.76 

0.24 

14.92 0.1 

4 

2.98 

0.10 

3.55 

0.12 

1.61 

0.09 

3.59 

0.20 

0.75 

0.07 

0.83 

0.06 


2 

-6.07 

7: 

2.03 

0.24 

14.84 0.1 

4 

3.00 

0.10 

3.39 

0.11 

1.61 

0.09 

3.58 

0.20 

0.73 

0.07 

0.82 

0.06 

93 

-5.94 

7: 

2.09 

0.24 

14.81 0.1 

4 

2.92 

0.10 

3.45 

0.11 

1.58 

0.09 

3.52 

0.19 

0.78 

0.08 

0.84 

0.06 

94 

-5.82 

7: 

2.25 

0.24 

14.75 0.1 

4 

3.02 

0.10 

3.42 

0.11 

1.58 

0.09 

3.36 

0.18 

0.78 

0.08 

0.82 

0.06 


5 

-5.69 

7: 

2.11 

0.24 

14.73 0.1 

4 

3.05 

0.10 

3.42 

0.11 

1.60 

0.09 

3.38 

0.18 

0.84 

0.08 

0.87 

0.07 

96 

-5.57 

7: 

1.99 

0.24 

14.77 0.1 

4 

3.08 

0.10 

3.52 

0.11 

1.61 

0.09 

3.42 

0.19 

0.76 

0.07 

0.85 

0.06 


7 

-5.45 

7: 

2.17 

0.24 

14.66 0.1 

4 

2.92 

0.09 

3.51 

0.11 

1.59 

0.09 

3.65 

0.20 

0.71 

0.07 

0.79 

0.06 

98 

-5.32 

7: 

2.47 

0.24 

14.50 0.1 

4 

2.99 

0.10 

3.36 

0.11 

1.56 

0.08 

3.49 

0.19 

0.79 

0.08 

0.83 

0.06 


9 

-5.20 

7: 

2.50 

0.24 

14.52 0.1 

4 

2.98 

0.10 

3.47 

0.11 

1.54 

0.08 

3.47 

0.19 

0.74 

0.07 

0.77 

0.06 

100 

-5.08 

7: 

2.50 

0.24 

14.37 0.1 

4 

3.02 

0.10 

3.47 

0.11 

1.49 

0.08 

3.59 

0.20 

0.74 

0.07 

0.84 

0.06 

101 

-4.95 

7: 

2.36 

0.24 

14.33 0.1 

3 

3.00 

0.10 

3.42 

0.11 

1.61 

0.09 

3.63 

0.20 

0.80 

0.08 

0.85 

0.06 

1C 

2 

-4.83 

7: 

2.64 

0.24 

14.31 0.1 

3 

2.91 

0.09 

3.48 

0.11 

1.53 

0.08 

3.65 

0.20 

0.71 

0.07 

0.78 

0.06 

103 

-4.70 

7; 

3.09 

0.24 

14.24 0.1 

3 

2.96 

0.10 

3.43 

0.11 

1.55 

0.08 

3.23 

0.18 

0.72 

0.07 

0.78 

0.06 

104 

-4.58 

7: 

2.75 

0.24 

14.22 0.1 

3 

2.94 

0.10 

3.48 

0.11 

1.55 

0.08 

3.48 

0.19 

0.77 

0.07 

0.80 

0.06 

1C 

5 

-4.46 

7: 

2.94 

0.24 

14.24 0.1 

3 

2.87 

0.09 

3.44 

0.11 

1.47 

0.08 

3.41 

0.19 

0.76 

0.07 

0.86 

0.07 

1C 

6 

-4.33 

7: 

2.99 

0.24 

14.17 0.1 

3 

2.88 

0.09 

3.49 

0.11 

1.48 

0.08 

3.42 

0.19 

0.68 

0.07 

0.89 

0.07 

1C 

7 

-4.21 

7: 

2.77 

0.24 

13.96 0.1 

3 

2.90 

0.09 

3.55 

0.11 

1.53 

0.08 

3.72 

0.20 

0.71 

0.07 

0.86 

0.07 

108 

-4.08 

7; 

3.19 

0.24 

13.96 0.1 

3 

2.93 

0.10 

3.53 

0.11 

1.50 

0.08 

3.39 

0.19 

0.67 

0.06 

0.83 

0.06 

1C 

9 

-3.96 

7; 

3.35 

0.24 

14.01 0.1 

3 

2.90 

0.09 

3.42 

0.11 

1.46 

0.08 

3.40 

0.19 

0.63 

0.06 

0.83 

0.06 

110 

-3.84 

7; 

3.31 

0.24 

14.05 0.1 

3 

2.97 

0.10 

3.46 

0.11 

1.40 

0.08 

3.23 

0.18 

0.77 

0.07 

0.81 

0.06 

111 

-3.71 

7; 

3.38 

0.24 

13.94 0.1 

3 

2.91 

0.09 

3.45 

0.11 

1.37 

0.07 

3.37 

0.18 

0.76 

0.07 

0.83 

0.06 

112 

-3.59 

7; 

3.81 

0.24 

13.85 0.1 

3 

2.90 

0.09 

3.39 

0.11 

1.36 

0.07 

3.18 

0.17 

0.65 

0.06 

0.85 

0.06 

































APPENDIX J. INTERFACE SCANS USING EDS MAPS 


576 


113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 


-3.47 73.71 0.24 
-3.34 73.64 0.24 
-3.22 73.80 0.24 
-3.09 73.92 0.24 
-2.97 74.16 0.24 
-2.85 74.43 0.24 
-2.72 74.53 0.24 
-2.60 75.14 0.25 
-2.48 75.12 0.25 
-2.35 75.22 0.25 
-2.23 75.25 0.25 
-2.10 75.40 0.25 
-1.98 75.53 0.25 
-1.86 75.50 0.25 
-1.73 75.76 0.25 
-1.61 76.12 0.25 
-1.49 76.26 0.25 
-1.36 76.43 0.25 
-1.24 76.53 0.25 
-1.11 76.80 0.25 
-0.99 76.99 0.25 
-0.87 77.05 0.25 
-0.74 77.15 0.25 
-0.62 77.34 0.25 
-0.50 77.49 0.25 
-0.37 77.69 0.25 
-0.25 77.82 0.26 
-0.12 77.88 0.26 


13.67 0.13 

13.51 0.13 

13.40 0.13 

13.35 0.13 
13.28 0.13 

13.22 0.12 

13.12 0.12 
13.00 0.12 
12.84 0.12 

12.73 0.12 
12.66 0.12 
12.80 0.12 

12.41 0.12 
12.49 0.12 
12.32 0.12 

12.13 0.11 

12.22 0.12 
12.22 0.12 
11.94 0.11 

11.73 0.11 
11.70 0.11 

11.68 0.11 
11.53 0.11 

11.51 0.11 

11.35 0.11 
11.11 0.10 
11.08 0.10 
11.00 0.10 


2.97 0.10 
2.93 0.10 

2.92 0.10 

2.93 0.10 
2.89 0.09 
2.83 0.09 
2.79 0.09 

2.73 0.09 
2.71 0.09 
2.68 0.09 

2.74 0.09 

2.75 0.09 

2.68 0.09 
2.67 0.09 
2.63 0.09 
2.71 0.09 

2.69 0.09 
2.63 0.09 

2.59 0.08 
2.58 0.08 
2.62 0.09 
2.58 0.08 
2.57 0.08 
2.65 0.09 
2.46 0.08 

2.60 0.08 
2.51 0.08 
2.51 0.08 


3.41 0.11 
3.41 0.11 
3.44 0.11 

3.41 0.11 

3.44 0.11 
3.49 0.11 

3.42 0.11 

3.31 0.11 

3.45 0.11 
3.33 0.11 
3.51 0.11 
3.33 0.11 
3.49 0.11 

3.35 0.11 

3.41 0.11 

3.36 0.11 

3.42 0.11 
3.36 0.11 
3.40 0.11 
3.38 0.11 

3.43 0.11 
3.36 0.11 
3.35 0.11 

3.32 0.11 
3.40 0.11 
3.40 0.11 
3.43 0.11 
3.35 0.11 


1.36 0.07 
1.42 0.08 
1.47 0.08 
1.46 0.08 
1.45 0.08 
1.51 0.08 
1.31 0.07 
1.28 0.07 
1.34 0.07 
1.41 0.08 
1.21 0.07 
1.26 0.07 
1.33 0.07 
1.28 0.07 
1.26 0.07 
1.21 0.07 
1.21 0.07 
1.06 0.06 
1.19 0.06 
1.13 0.06 
1.05 0.06 
1.09 0.06 
1.16 0.06 
0.99 0.05 
1.06 0.06 
0.98 0.05 
1.08 0.06 
0.98 0.05 


3.37 0.18 
3.66 0.20 
3.54 0.19 
3.54 0.19 
3.36 0.18 
3.07 0.17 
3.30 0.18 

2.98 0.16 
3.08 0.17 

3.19 0.17 

3.20 0.17 
3.08 0.17 
3.23 0.18 
3.30 0.18 

3.21 0.18 
3.06 0.17 
2.79 0.15 

2.89 0.16 

2.99 0.16 
3.04 0.17 

2.90 0.16 
2.92 0.16 
2.88 0.16 
2.88 0.16 
3.02 0.17 
2.92 0.16 
2.82 0.15 
2.92 0.16 


0.68 0.07 
0.72 0.07 
0.67 0.06 
0.65 0.06 
0.67 0.06 
0.70 0.07 
0.71 0.07 
0.71 0.07 
0.72 0.07 
0.73 0.07 
0.73 0.07 
0.69 0.07 
0.62 0.06 
0.71 0.07 
0.72 0.07 
0.70 0.07 
0.70 0.07 
0.68 0.07 
0.67 0.06 
0.64 0.06 
0.64 0.06 
0.64 0.06 
0.66 0.06 
0.65 0.06 
0.58 0.06 
0.62 0.06 
0.63 0.06 
0.75 0.07 


0.82 0.06 
0.73 0.06 
0.76 0.06 
0.75 0.06 
0.74 0.06 
0.74 0.06 
0.84 0.06 
0.85 0.06 
0.75 0.06 
0.70 0.05 
0.70 0.05 
0.69 0.05 
0.70 0.05 
0.70 0.05 
0.68 0.05 
0.70 0.05 
0.72 0.05 
0.73 0.06 
0.70 0.05 
0.70 0.05 
0.68 0.05 
0.68 0.05 
0.69 0.05 
0.66 0.05 
0.64 0.05 
0.68 0.05 
0.63 0.05 
0.60 0.05 


0.12 78.18 0.26 
0.25 78.14 0.26 
0.37 78.31 0.26 
0.49 78.27 0.26 
0.62 78.34 0.26 
0.74 78.36 0.26 
0.87 78.25 0.26 
0.99 78.20 0.26 


10.91 0.10 
10.93 0.10 

10.96 0.10 
11.01 0.10 

10.86 0.10 
10.84 0.10 

10.96 0.10 

10.92 0.10 


2.47 0.08 

2.52 0.08 

2.43 0.08 
2.47 0.08 

2.42 0.08 

2.50 0.08 

2.49 0.08 
2.62 0.09 


3.28 0.11 
3.25 0.11 
3.22 0.10 

3.19 0.10 
3.25 0.11 
3.27 0.11 

3.39 0.11 
3.37 0.11 


0.93 0.05 
0.90 0.05 
0.86 0.05 
0.98 0.05 
1.05 0.06 
0.93 0.05 
0.95 0.05 
1.01 0.05 


2.94 0.16 

2.92 0.16 
2.88 0.16 

2.81 0.15 
2.77 0.15 
2.74 0.15 
2.70 0.15 
2.63 0.14 


0.64 0.06 
0.73 0.07 
0.68 0.07 
0.62 0.06 
0.65 0.06 
0.67 0.06 
0.63 0.06 
0.64 0.06 


0.65 0.05 
0.63 0.05 
0.65 0.05 
0.65 0.05 
0.66 0.05 
0.67 0.05 
0.64 0.05 
0.61 0.05 


1.11 78.09 0.26 

1.24 77.83 0.26 
1.36 77.65 0.25 
1.48 77.38 0.25 
1.61 77.49 0.25 

1.73 77.11 0.25 
1.86 76.97 0.25 
1.98 76.75 0.25 
2.10 76.63 0.25 
2.23 76.63 0.25 
2.35 76.37 0.25 
2.47 76.23 0.25 
2.60 75.92 0.25 
2.72 75.79 0.25 
2.85 75.56 0.25 
2.97 75.57 0.25 
3.09 75.52 0.25 
3.22 75.27 0.25 
3.34 75.05 0.25 
3.46 74.74 0.24 
3.59 74.56 0.24 
3.71 74.60 0.24 

3.84 74.65 0.24 
3.96 74.53 0.24 
4.08 74.35 0.24 


11.12 0.10 

11.19 0.11 

11.34 0.11 
11.41 0.11 

11.35 0.11 

11.50 0.11 

11.66 0.11 

11.85 0.11 
11.83 0.11 
11.88 0.11 

12.26 0.12 

12.20 0.11 

12.26 0.12 
12.32 0.12 

12.61 0.12 

12.81 0.12 
12.77 0.12 

12.86 0.12 
12.95 0.12 

13.16 0.12 
13.06 0.12 
13.22 0.12 
13.05 0.12 

13.26 0.12 

13.27 0.13 


2.50 0.08 

2.49 0.08 

2.42 0.08 

2.45 0.08 

2.50 0.08 

2.61 0.08 

2.62 0.09 

2.59 0.08 

2.59 0.08 
2.61 0.08 

2.60 0.08 

2.66 0.09 

2.81 0.09 
2.70 0.09 

2.67 0.09 

2.60 0.08 
2.80 0.09 
2.76 0.09 
2.75 0.09 

2.92 0.10 

2.89 0.09 
2.83 0.09 

2.90 0.09 

2.96 0.10 
2.87 0.09 


3.35 0.11 
3.32 0.11 

3.35 0.11 

3.42 0.11 

3.35 0.11 

3.46 0.11 

3.51 0.11 

3.51 0.11 

3.42 0.11 

3.43 0.11 
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1.02 0.06 
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1.01 0.05 
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1.22 0.07 
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1.16 0.06 
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1.15 0.06 
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0.59 0.04 
0.63 0.05 
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0.69 0.05 
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0.67 0.05 
0.70 0.05 
0.71 0.05 
0.71 0.05 
0.71 0.05 
0.68 0.05 
0.66 0.05 
0.68 0.05 
0.69 0.05 
0.67 0.05 
0.67 0.05 
0.74 0.06 
0.73 0.06 
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14.19 0 

13 

2.95 

0.10 

3.58 

0.12 

1.27 

0.07 

3.17 

0.17 

0.62 

0.06 

0.70 

0.05 

259 

14.60 

73.34 

0.24 

14.18 0 

13 

3.04 

0.10 

3.50 

0.11 

1.30 

0.07 

3.22 

0.18 

0.73 

0.07 

0.70 

0.05 

26 

0 

14.73 

73.31 

0.24 

14.14 0 

13 

2.92 

0.10 

3.62 

0.12 

1.33 

0.07 

3.29 

0.18 

0.71 

0.07 

0.68 

0.05 

26 

1 

14.85 

73.34 

0.24 

14.23 0 

13 

2.89 

0.09 

3.56 

0.12 

1.42 

0.08 

3.23 

0.18 

0.63 

0.06 

0.69 

0.05 

26 

2 

14.97 

73.36 

0.24 

14.14 0 

13 

3.05 

0.10 

3.44 

0.11 

1.42 

0.08 

3.15 

0.17 

0.76 

0.07 

0.68 

0.05 

26 

3 

15.10 

73.50 

0.24 

14.22 0 

13 

2.94 

0.10 

3.53 

0.11 

1.37 

0.07 

3.05 

0.17 

0.73 

0.07 

0.66 

0.05 

26 

4 

15.22 

73.38 

0.24 

14.18 0 

13 

3.00 

0.10 

3.60 

0.12 

1.37 

0.07 

3.07 

0.17 

0.73 

0.07 

0.66 

0.05 

26 

5 

15.35 

73.28 

0.24 

14.27 0 

13 

3.02 

0.10 

3.63 

0.12 

1.26 

0.07 

3.15 

0.17 

0.75 

0.07 

0.64 

0.05 

26 

6 

15.47 

73.63 

0.24 

14.15 0 

13 

2.99 

0.10 

3.55 

0.12 

1.22 

0.07 

3.00 

0.16 

0.71 

0.07 

0.74 

0.06 

26 

7 

15.59 

73.70 

0.24 

14.12 0 

13 

2.96 

0.10 

3.58 

0.12 

1.19 

0.06 

3.07 

0.17 

0.72 

0.07 

0.66 

0.05 

26 

8 

15.72 

73.44 

0.24 

14.21 0 

13 

3.10 

0.10 

3.55 

0.11 

1.24 

0.07 

3.10 

0.17 

0.70 

0.07 

0.66 

0.05 

26 

9 

15.84 

73.53 

0.24 

14.16 0 

.13 

3.01 

0.10 

3.53 

0.11 

1.36 

0.07 

3.09 

0.17 

0.69 

0.07 

0.63 

0.05 

2 " 

0 

15.96 

73.86 

0.24 

14.12 0 

.13 

2.96 

0.10 

3.50 

0.11 

1.34 

0.07 

2.89 

0.16 

0.69 

0.07 

0.63 

0.05 

2 " 

1 

16.09 

73.72 

0.24 

14.21 0 

.13 

2.92 

0.10 

3.53 

0.11 

1.25 

0.07 

3.05 

0.17 

0.70 

0.07 

0.61 

0.05 

272 

16.21 

73.62 

0.24 

14.21 0 

.13 

2.91 

0.09 

3.52 

0.11 

1.24 

0.07 

3.08 

0.17 

0.77 

0.07 

0.64 

0.05 

2 " 

3 

16.34 

73.49 

0.24 

14.25 0 

.13 

2.98 

0.10 

3.46 

0.11 

1.19 

0.06 

3.19 

0.17 

0.75 

0.07 

0.70 

0.05 

2 " 

4 

16.46 

73.31 

0.24 

14.25 0 

.13 

2.95 

0.10 

3.44 

0.11 

1.30 

0.07 

3.26 

0.18 

0.76 

0.07 

0.72 

0.05 

275 

16.58 

73.46 

0.24 

14.18 0 

.13 

2.88 

0.09 

3.46 

0.11 

1.33 

0.07 

3.24 

0.18 

0.72 

0.07 

0.72 

0.05 

2 " 

6 

16.71 

73.62 

0.24 

14.26 0 

.13 

2.89 

0.09 

3.67 

0.12 

1.25 

0.07 

3.04 

0.17 

0.60 

0.06 

0.67 

0.05 

2 " 

7 

16.83 

73.59 

0.24 

14.16 0 

.13 

2.93 

0.10 

3.56 

0.12 

1.32 

0.07 

3.02 

0.17 

0.69 

0.07 

0.72 

0.05 

2 " 

8 

16.95 

73.40 

0.24 

14.17 0 

.13 

3.07 

0.10 

3.50 

0.11 

1.31 

0.07 

3.20 

0.18 

0.65 

0.06 

0.69 

0.05 

2 " 

9 

17.08 

73.47 

0.24 

14.28 0 

.13 

2.85 

0.09 

3.57 

0.12 

1.32 

0.07 

3.16 

0.17 

0.67 

0.06 

0.69 

0.05 

280 

17.20 

73.53 

0.24 

14.18 0 

.13 

3.04 

0.10 

3.66 

0.12 

1.18 

0.06 

3.06 

0.17 

0.67 

0.06 

0.68 

0.05 

281 

17.33 

73.72 

0.24 

13.96 0 

.13 

3.01 

0.10 

3.56 

0.12 

1.26 

0.07 

3.07 

0.17 

0.74 

0.07 

0.68 

0.05 

282 

17.45 

73.80 

0.24 

14.26 0 

.13 

2.88 

0.09 

3.54 

0.11 

1.17 

0.06 

3.00 

0.16 

0.70 

0.07 

0.66 

0.05 

283 

17.57 

73.55 

0.24 

14.10 0 

.13 

3.03 

0.10 

3.52 

0.11 

1.26 

0.07 

3.14 

0.17 

0.69 

0.07 

0.73 

0.05 

284 

17.70 

73.40 

0.24 

14.22 0 

.13 

3.04 

0.10 

3.57 

0.12 

1.27 

0.07 

3.11 

0.17 

0.74 

0.07 

0.67 

0.05 

28 

5 

17.82 

73.69 

0.24 

14.34 0 

.14 

2.97 

0.10 

3.44 

0.11 

1.35 

0.07 

2.95 

0.16 

0.66 

0.06 

0.60 

0.05 

286 

17.94 

73.60 

0.24 

14.27 0 

.13 

2.90 

0.09 

3.41 

0.11 

1.36 

0.07 

3.17 

0.17 

0.65 

0.06 

0.63 

0.05 

28 

7 

18.07 

73.62 

0.24 

14.20 0 

.13 

2.90 

0.09 

3.60 

0.12 

1.34 

0.07 

2.92 

0.16 

0.75 

0.07 

0.68 

0.05 

288 

18.19 

73.43 

0.24 

14.28 0 

.13 

2.98 

0.10 

3.54 

0.11 

1.27 

0.07 

3.16 

0.17 

0.66 

0.06 

0.67 

0.05 

289 

18.32 

73.45 

0.24 

14.25 0 

.13 

2.95 

0.10 

3.49 

0.11 

1.31 

0.07 

3.21 

0.18 

0.65 

0.06 

0.68 

0.05 

290 

18.44 

73.56 

0.24 

14.21 0 

.13 

2.90 

0.09 

3.49 

0.11 

1.35 

0.07 

3.15 

0.17 

0.70 

0.07 

0.64 

0.05 

291 

18.56 

73.39 

0.24 

14.36 0 

.14 

2.95 

0.10 

3.55 

0.11 

1.26 

0.07 

3.10 

0.17 

0.74 

0.07 

0.64 

0.05 

292 

18.69 

73.64 

0.24 

14.36 0 

.14 

2.89 

0.09 

3.54 

0.11 

1.31 

0.07 

2.90 

0.16 

0.71 

0.07 

0.65 

0.05 

293 

18.81 

73.56 

0.24 

14.07 0 

.13 

2.93 

0.10 

3.62 

0.12 

1.36 

0.07 

3.27 

0.18 

0.57 

0.06 

0.61 

0.05 

294 

18.93 

73.33 

0.24 

14.19 0 

.13 

2.97 

0.10 

3.60 

0.12 

1.27 

0.07 

3.22 

0.18 

0.76 

0.07 

0.67 

0.05 

2S 

5 

19.06 

73.45 

0.24 

14.15 0 

.13 

2.98 

0.10 

3.55 

0.11 

1.36 

0.07 

3.11 

0.17 

0.73 

0.07 

0.67 

0.05 

296 

19.18 

73.62 

0.24 

14.07 0 

.13 

3.02 

0.10 

3.49 

0.11 

1.26 

0.07 

3.25 

0.18 

0.65 

0.06 

0.63 

0.05 

2S 

7 

19.31 

73.53 

0.24 

14.05 0 

.13 

3.05 

o.io ; 

3.51 

0.11 

1.27 

0.07 ; 

3.18 

0.17 

0.76 

0.07 

0.66 

0.05 
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Agglomerate U4.2 


Table J.32: Major element compositions (as wt.% oxides) from a line traverse across the interface of interior 
agglomerate U4.2 (from agglomerate U4.2 to host U4) extracted from quantified EDS compositional maps. 
The EDS compositional maps were collected at a resolution of 3.4 pixels//iin. The smoothing width for this 
traverse was 225 pixels (65.5 fi m) wide. This is an Si interface and has been centered at x = 0 based on the 
SiC>2 maximum. Peak points within 2a of the Si02 maximum are ^J^lighted in yellc^. Uncertainties are 
2SEOM. 


Position 
Pt. (|im) 

1 -27.38 

2 -27.09 

3 -26.80 

4 -26.51 

5 -26.22 

6 -25.93 

7 -25.63 

8 -25.34 

9 -25.05 

10 -24.76 

11 -24.47 

12 -24.18 

13 -23.89 

14 -23.59 

15 -23.30 

16 -23.01 

17 -22.72 

18 -22.43 

19 -22.14 

20 -21.85 

21 -21.55 

22 -21.26 

23 -20.97 

24 -20.68 

25 -20.39 

26 -20.10 

27 -19.81 

28 -19.52 

29 -19.23 

30 -18.93 

31 -18.64 

32 -18.35 

33 -18.06 

34 -17.77 

35 -17.48 

36 -17.19 

37 -16.89 

38 -16.60 

39 -16.31 

40 -16.02 

41 -15.73 

42 -15.44 

43 -15.15 

44 -14.86 

45 -14.56 

46 -14.27 

47 -13.98 

48 -13.69 

49 -13.40 

50 -13.11 


SiC>2 2 a 

75.55 0.14 
75.67 0.14 

75.60 0.14 
75.80 0.14 
75.76 0.14 
75.64 0.14 

75.56 0.14 

75.87 0.14 

75.88 0.14 
75.87 0.14 
75.76 0.14 
75.71 0.14 
75.83 0.14 
75.69 0.14 

75.61 0.14 
75.71 0.14 

75.82 0.14 

75.83 0.14 

75.83 0.14 

75.94 0.14 
75.90 0.14 

75.84 0.14 
76.01 0.14 
75.84 0.14 
75.93 0.14 
76.03 0.14 

75.95 0.14 
75.95 0.14 
75.87 0.14 
75.95 0.14 
76.06 0.14 
76.09 0.14 
76.09 0.14 
76.14 0.14 
76.19 0.14 
76.11 0.14 
76.18 0.14 
76.17 0.14 
76.23 0.14 
76.31 0.14 
76.26 0.14 
76.37 0.14 

76.33 0.14 

76.34 0.14 
76.47 0.14 
76.52 0.14 
76.47 0.14 
76.41 0.14 
76.50 0.14 

76.61 0.14 


AI2O3 

12.70 

12.62 

12.75 

12.70 

12.70 
12.65 

12.67 

12.68 

12.71 

12.64 

12.65 
12.68 

12.50 

12.58 
12.61 

12.52 
12.56 

12.59 
12.58 

12.53 
12.52 
12.52 
12.56 

12.51 

12.55 

12.51 

12.52 

12.56 

12.46 

12.47 
12.49 
12.47 
12.43 
12.45 
12.34 

12.39 

12.40 
12.40 

12.36 
12.39 

12.37 

12.30 
12.33 

12.31 
12.29 
12.20 
12.25 
12.29 
12.29 
12.22 


2 a Na 2 Q 
"006 Tie" 

0.06 2.13 

0.06 2.13 

0.06 2.10 
0.06 2.11 
0.06 2.12 
0.06 2.08 
0.06 2.11 
0.06 2.11 
0.06 2.10 
0.06 2.11 
0.06 2.13 

0.06 2.15 

0.06 2.15 

0.06 2.15 

0.06 2.14 

0.06 2.10 
0.06 2.11 
0.06 2.17 

0.06 2.11 
0.06 2.06 
0.06 2.11 
0.06 2.06 
0.06 2.13 

0.06 2.12 
0.06 2.09 

0.06 2.12 
0.06 2.12 
0.06 2.16 


0.06 2.04 

0.06 2.00 


0.06 2.08 
0.06 2.11 
0.06 2.13 

0.06 2.13 

0.06 2.11 
0.06 2.17 

0.06 2.11 
0.06 2.11 
0.06 2.13 

0.06 2.02 
0.06 2.06 
0.06 2.06 


0.06 2.07 


2 a K2O 2 a CaO 2 a FcO 2 a Ti02 2 a MgO 2 a 


0.04 3.33 0.04 

0.04 3.36 0.04 

0.04 3.33 0.04 

0.04 3.31 0.04 

0.04 3.28 0.04 

0.04 3.31 0.04 

0.04 3.35 0.04 

0.04 3.30 0.04 

0.04 3.30 0.04 

0.04 3.27 0.04 

0.04 3.32 0.04 

0.04 3.32 0.04 

0.04 3.34 0.04 

0.04 3.34 0.04 

0.04 3.30 0.04 

0.04 3.32 0.04 

0.04 3.31 0.04 

0.04 3.33 0.04 

0.04 3.29 0.04 

0.04 3.29 0.04 

0.04 3.32 0.04 

0.04 3.27 0.04 

0.04 3.32 0.04 

0.04 3.31 0.04 

0.04 3.35 0.04 

0.04 3.36 0.04 

0.04 3.36 0.04 

0.04 3.37 0.04 

0.04 3.38 0.05 

0.04 3.39 0.05 

0.04 3.35 0.04 

0.04 3.38 0.04 

0.04 3.39 0.05 

0.04 3.37 0.04 

0.04 3.32 0.04 

0.04 3.34 0.04 

0.04 3.32 0.04 

0.04 3.33 0.04 

0.04 3.32 0.04 

0.04 3.31 0.04 

0.04 3.29 0.04 

0.04 3.35 0.04 

0.04 3.36 0.04 

0.04 3.32 0.04 

0.04 3.32 0.04 

0.04 3.31 0.04 

0.04 3.31 0.04 

0.04 3.35 0.04 

0.04 3.33 0.04 

0.04 3.31 0.04 


2.15 0.06 
2.14 0.06 
2.08 0.06 
2.11 0.06 
2.09 0.06 

2.19 0.07 
2.17 0.07 
2.11 0.06 
2.10 0.06 
2.09 0.06 
2.12 0.06 
2.09 0.06 
2.13 0.06 
2.17 0.07 

2.20 0.07 

2.13 0.06 

2.14 0.06 

2.15 0.06 
2.12 0.06 
2.08 0.06 
2.06 0.06 
2.09 0.06 
2.05 0.06 
2.06 0.06 
2.10 0.06 
2.03 0.06 
2.07 0.06 
2.08 0.06 
2.07 0.06 
2.09 0.06 
2.03 0.06 
2.04 0.06 
2.05 0.06 
1.98 0.06 
2.00 0.06 
2.00 0.06 
2.00 0.06 
2.00 0.06 
1.95 0.06 
1.89 0.06 
1.89 0.06 

1.89 0.06 
1.95 0.06 
1.97 0.06 

1.90 0.06 
1.86 0.06 

1.84 0.06 

1.87 0.06 

1.85 0.06 

1.88 0.06 


2.90 0.09 

2.90 0.09 

2.94 0.09 
2.78 0.08 
2.92 0.09 
2.89 0.09 

2.95 0.09 

2.78 0.08 
2.73 0.08 

2.83 0.08 
2.82 0.08 

2.88 0.09 
2.86 0.09 

2.89 0.09 

2.91 0.09 
2.97 0.09 

2.84 0.09 
2.77 0.08 

2.83 0.08 

2.86 0.09 
2.91 0.09 
2.99 0.09 
2.81 0.08 
2.97 0.09 
2.75 0.08 

2.84 0.09 

2.87 0.09 
2.82 0.08 

2.88 0.09 

2.85 0.09 

2.85 0.09 
2.88 0.09 
2.83 0.08 
2.81 0.08 

2.86 0.09 
2.88 0.09 

2.85 0.09 
2.81 0.08 

2.88 0.09 
2.83 0.08 
2.80 0.08 
2.80 0.08 
2.77 0.08 
2.75 0.08 

2.86 0.09 
2.85 0.09 

2.89 0.09 
2.75 0.08 
2.80 0.08 

2.79 0.08 


0.38 0.04 
0.38 0.04 
0.41 0.04 
0.42 0.04 
0.42 0.04 
0.41 0.04 
0.40 0.04 
0.39 0.04 
0.41 0.04 
0.43 0.04 
0.41 0.04 
0.42 0.04 
0.47 0.05 
0.41 0.04 
0.44 0.04 
0.42 0.04 
0.45 0.04 
0.41 0.04 
0.39 0.04 
0.39 0.04 
0.45 0.04 
0.38 0.04 
0.44 0.04 
0.43 0.04 
0.40 0.04 
0.37 0.04 
0.40 0.04 
0.38 0.04 
0.41 0.04 
0.38 0.04 
0.37 0.04 
0.38 0.04 
0.43 0.04 
0.40 0.04 
0.40 0.04 
0.43 0.04 
0.38 0.04 
0.39 0.04 
0.39 0.04 
0.40 0.04 
0.41 0.04 
0.39 0.04 
0.40 0.04 
0.44 0.04 
0.41 0.04 
0.43 0.04 
0.43 0.04 
0.45 0.04 
0.38 0.04 
0.38 0.04 


0.52 0.03 
0.48 0.03 
0.46 0.02 
0.50 0.03 
0.45 0.02 
0.46 0.02 
0.47 0.02 
0.48 0.03 
0.48 0.03 
0.48 0.03 
0.49 0.03 
0.45 0.02 
0.46 0.02 
0.49 0.03 
0.50 0.03 
0.47 0.03 
0.48 0.03 
0.48 0.03 
0.47 0.03 
0.48 0.03 
0.50 0.03 
0.49 0.03 
0.49 0.03 
0.45 0.02 
0.47 0.02 
0.47 0.03 
0.45 0.02 
0.43 0.02 
0.46 0.02 
0.47 0.02 
0.46 0.02 
0.43 0.02 
0.51 0.03 
0.50 0.03 
0.49 0.03 
0.50 0.03 
0.48 0.03 
0.47 0.02 
0.47 0.02 
0.48 0.03 
0.48 0.03 
0.48 0.03 
0.44 0.02 
0.44 0.02 
0.45 0.02 
0.49 0.03 
0.48 0.03 
0.46 0.02 
0.48 0.03 
0.46 0.02 
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51 

-12.82 

76.58 

0.14 

12.15 

0.06 

2.10 

0.04 

3.34 

0.04 

1.87 

0.06 

2.79 

0.08 

0.43 

0.04 

0.44 

0.02 

52 

-12.53 

76.65 

0.14 

12.14 

0.06 

2.09 

0.04 

3.30 

0.04 

1.82 

0.05 

2.82 

0.08 

0.41 

0.04 

0.45 

0.02 

53 

-12.23 

76.73 

0.14 

12.16 

0.06 

2.08 

0.04 

3.30 

0.04 

1.76 

0.05 

2.74 

0.08 

0.41 

0.04 

0.47 

0.03 

54 

-11.94 

76.74 

0.14 

12.14 

0.06 

2.03 

0.04 

3.30 

0.04 

1.78 

0.05 

2.83 

0.09 

0.42 

0.04 

0.48 

0.03 

55 

-11.65 

76.75 

0.14 

12.11 

0.06 

2.08 

0.04 

3.32 

0.04 

1.77 

0.05 

2.75 

0.08 

0.43 

0.04 

0.48 

0.03 

56 

-11.36 

76.72 

0.14 

12.09 

0.06 

2.13 

0.04 

3.35 

0.04 

1.79 

0.05 

2.76 

0.08 

0.42 

0.04 

0.48 

0.03 

57 

-11.07 

76.82 

0.14 

12.14 

0.06 

2.07 

0.04 

3.33 

0.04 

1.75 

0.05 

2.79 

0.08 

0.38 

0.04 

0.45 

0.02 

58 

-10.78 

76.72 

0.14 

12.09 

0.06 

2.10 

0.04 

3.31 

0.04 

1.84 

0.06 

2.81 

0.08 

0.43 

0.04 

0.46 

0.02 

59 

-10.49 

76.88 

0.14 

11.98 

0.06 

2.11 

0.04 

3.33 

0.04 

1.80 

0.05 

2.69 

0.08 

0.40 

0.04 

0.47 

0.03 

60 

-10.20 

76.92 

0.14 

12.02 

0.06 

2.09 

0.04 

3.32 

0.04 

1.73 

0.05 

2.75 

0.08 

0.36 

0.03 

0.45 

0.02 

61 

-9.90 

77.04 

0.14 

12.06 

0.06 

2.06 

0.04 

3.28 

0.04 

1.72 

0.05 

2.72 

0.08 

0.38 

0.04 

0.47 

0.03 

62 

-9.61 

77.12 

0.14 

11.98 

0.06 

2.04 

0.04 

3.27 

0.04 

1.73 

0.05 

2.71 

0.08 

0.40 

0.04 

0.47 

0.03 

63 

-9.32 

77.06 

0.14 

11.94 

0.05 

2.08 

0.04 

3.30 

0.04 

1.76 

0.05 

2.76 

0.08 

0.38 

0.04 

0.44 

0.02 

64 

-9.03 

77.11 

0.14 

11.92 

0.05 

2.05 

0.04 

3.28 

0.04 

1.72 

0.05 

2.77 

0.08 

0.40 

0.04 

0.45 

0.02 

65 

-8.74 

77.06 

0.14 

11.96 

0.06 

2.03 

0.04 

3.35 

0.04 

1.68 

0.05 

2.80 

0.08 

0.37 

0.04 

0.49 

0.03 

66 

-8.45 

76.97 

0.14 

11.95 

0.05 

2.01 

0.04 

3.38 

0.05 

1.68 

0.05 

2.82 

0.08 

0.43 

0.04 

0.45 

0.02 

67 

-8.16 

77.05 

0.14 

11.94 

0.05 

2.01 

0.04 

3.28 

0.04 

1.69 

0.05 

2.77 

0.08 

0.44 

0.04 

0.48 

0.03 

68 

-7.87 

77.34 

0.14 

11.88 

0.05 

2.02 

0.04 

3.29 

0.04 

1.70 

0.05 

2.65 

0.08 

0.39 

0.04 

0.45 

0.02 

69 

-7.57 

77.30 

0.14 

11.86 

0.05 

2.04 

0.04 

3.30 

0.04 

1.62 

0.05 

2.70 

0.08 

0.40 

0.04 

0.45 

0.02 

70 

-7.28 

77.24 

0.14 

11.92 

0.05 

2.03 

0.04 

3.34 

0.04 

1.56 

0.05 

2.71 

0.08 

0.40 

0.04 

0.44 

0.02 

71 

-6.99 

77.38 

0.14 

11.85 

0.05 

2.05 

0.04 

3.28 

0.04 

1.61 

0.05 

2.68 

0.08 

0.38 

0.04 

0.48 

0.03 

72 

-6.70 

77.36 

0.14 

11.82 

0.05 

1.99 

0.04 

3.33 

0.04 

1.63 

0.05 

2.75 

0.08 

0.37 

0.04 

0.47 

0.02 

73 

-6.41 

77.31 

0.14 

11.83 

0.05 

2.08 

0.04 

3.34 

0.04 

1.55 

0.05 

2.80 

0.08 

0.35 

0.03 

0.44 

0.02 

74 

-6.12 

77.31 

0.14 

11.85 

0.05 

2.05 

0.04 

3.34 

0.04 

1.56 

0.05 

2.73 

0.08 

0.42 

0.04 

0.45 

0.02 

75 

-5.83 

77.40 

0.14 

11.71 

0.05 

2.02 

0.04 

3.34 

0.04 

1.59 

0.05 

2.77 

0.08 

0.42 

0.04 

0.45 

0.02 

76 

-5.53 

77.36 

0.14 

11.76 

0.05 

2.04 

0.04 

3.35 

0.04 

1.60 

0.05 

2.78 

0.08 

0.38 

0.04 

0.44 

0.02 

77 

-5.24 

77.62 

0.14 

11.71 

0.05 

2.03 

0.04 

3.33 

0.04 

1.56 

0.05 

2.59 

0.08 

0.39 

0.04 

0.47 

0.03 

78 

-4.95 

77.58 

0.14 

11.73 

0.05 

2.01 

0.04 

3.31 

0.04 

1.53 

0.05 

2.70 

0.08 

0.42 

0.04 

0.45 

0.02 

79 

-4.66 

77.57 

0.14 

11.68 

0.05 

2.01 

0.04 

3.31 

0.04 

1.51 

0.05 

2.76 

0.08 

0.42 

0.04 

0.46 

0.02 

80 

-4.37 

77.46 

0.14 

11.75 

0.05 

2.03 

0.04 

3.35 

0.04 

1.53 

0.05 

2.70 

0.08 

0.42 

0.04 

0.46 

0.02 

81 

-4.08 

77.61 

0.14 

11.79 

0.05 

1.99 

0.04 

3.34 

0.04 

1.47 

0.04 

2.62 

0.08 

0.46 

0.04 

0.45 

0.02 

82 

-3.79 

77.66 

0.14 

11.64 

0.05 

1.97 

0.04 

3.41 

0.05 

1.51 

0.05 

2.70 

0.08 

0.38 

0.04 

0.44 

0.02 

83 

-3.50 

77.73 

0.14 

11.67 

0.05 

2.02 

0.04 

3.35 

0.04 

1.45 

0.04 

2.69 

0.08 

0.36 

0.04 

0.46 

0.02 

84 

-3.20 

77.69 

0.14 

11.63 

0.05 

2.01 

0.04 

3.35 

0.04 

1.44 

0.04 

2.72 

0.08 

0.38 

0.04 

0.46 

0.02 

85 

-2.91 

77.76 

0.14 

11.57 

0.05 

1.99 

0.04 

3.34 

0.04 

1.45 

0.04 

2.73 

0.08 

0.41 

0.04 

0.45 

0.02 

86 

-2.62 

78.00 

0.14 

11.53 

0.05 

1.96 

0.04 

3.33 

0.04 

1.38 

0.04 

2.68 

0.08 

0.41 

0.04 

0.44 

0.02 

87 

-2.33 

77.89 

0.14 

11.56 

0.05 

1.99 

0.04 

3.36 

0.04 

1.40 

0.04 

2.64 

0.08 

0.40 

0.04 

0.46 

0.02 

88 

-2.04 

77.80 

0.14 

11.54 

0.05 

2.00 

0.04 

3.33 

0.04 

1.39 

0.04 

2.81 

0.08 

0.40 

0.04 

0.45 

0.02 

89 

-1.75 

77.73 

0.14 

11.56 

0.05 

1.97 

0.04 

3.41 

0.05 

1.39 

0.04 

2.76 

0.08 

0.40 

0.04 

0.45 

0.02 

90 

-1.46 

77.90 

0.14 

11.54 

0.05 

1.95 

0.04 

3.40 

0.05 

1.35 

0.04 

2.67 

0.08 

0.40 

0.04 

0.47 

0.02 

91 

-1.16 



11.56 














92 

-0.87 

78.04 

0.14 

11.49 

0.05 

2.01 

0.04 

3.32 

0.04 

1.33 

0.04 

2.68 

0.08 

0.39 

0.04 

0.48 

0.03 

93 

-0.58 

78.06 

0.14 

11.49 

0.05 

2.00 

0.04 

3.35 

0.04 

1.33 

0.04 

2.63 

0.08 

0.45 

0.04 

0.43 

0.02 

94 

-0.29 

78.04 

0.14 

11.44 

0.05 

1.99 

0.04 

3.41 

0.05 

1.35 

0.04 

2.64 

0.08 

0.40 

0.04 

0.44 

0.02 

95 

0.00 

78.12 

0.14 

11.46 

0.05 

1.95 

0.04 

3.37 

0.04 

1.32 

0.04 

2.63 

0.08 

0.41 

0.04 

0.45 

0.02 

96 

0.29 

77.95 

0.14 

11.52 

0.05 

1.99 

0.04 

3.37 

0.04 

1.35 

0.04 

2.70 

0.08 

0.38 

0.04 

0.47 

0.02 

97 

0.58 

77.94 

0.14 

11.47 

0.05 

2.01 

0.04 

3.38 

0.05 

1.30 

0.04 

2.71 

0.08 

0.40 

0.04 

0.51 

0.03 

98 

0.87 

77.95 

0.14 

11.47 

0.05 

1.99 

0.04 

3.37 

0.04 

1.31 

0.04 

2.76 

0.08 

0.41 

0.04 

0.46 

0.02 

99 

1.16 

77.99 

0.14 

11.52 

0.05 

1.97 

0.04 

3.36 

0.04 

1.32 

0.04 

2.74 

0.08 

0.40 

0.04 

0.44 

0.02 

100 

1.46 

77.87 

0.14 

11.57 

0.05 

1.97 

0.04 

3.34 

0.04 

1.31 

0.04 

2.79 

0.08 

0.39 

0.04 

0.45 

0.02 

101 

1.75 

77.98 

0.14 

11.59 

0.05 

2.02 

0.04 

3.38 

0.05 

1.27 

0.04 

2.60 

0.08 

0.40 

0.04 

0.41 

0.02 

102 

2.04 

77.88 

0.14 

11.63 

0.05 

1.98 

0.04 

3.43 

0.05 

1.31 

0.04 

2.64 

0.08 

0.38 

0.04 

0.44 

0.02 

103 

2.33 

77.76 

0.14 

11.65 

0.05 

2.00 

0.04 

3.40 

0.05 

1.29 

0.04 

2.71 

0.08 

0.46 

0.05 

0.44 

0.02 

104 

2.62 

77.67 

0.14 

11.69 

0.05 

1.99 

0.04 

3.44 

0.05 

1.28 

0.04 

2.71 

0.08 

0.47 

0.05 

0.42 

0.02 

105 

2.91 

77.54 

0.14 

11.72 

0.05 

2.06 

0.04 

3.41 

0.05 

1.32 

0.04 

2.76 

0.08 

0.41 

0.04 

0.45 

0.02 

106 

3.20 

77.61 

0.14 

11.66 

0.05 

2.02 

0.04 

3.41 

0.05 

1.33 

0.04 

2.75 

0.08 

0.44 

0.04 

0.45 

0.02 

107 

3.50 

77.49 

0.14 

11.75 

0.05 

2.01 

0.04 

3.46 

0.05 

1.32 

0.04 

2.77 

0.08 

0.42 

0.04 

0.46 

0.02 

108 

3.79 

77.48 

0.14 

11.80 

0.05 

2.03 

0.04 

3.45 

0.05 

1.32 

0.04 

2.74 

0.08 

0.44 

0.04 

0.48 

0.03 

109 

4.08 

77.63 

0.14 

11.83 

0.05 

2.00 

0.04 

3.43 

0.05 

1.26 

0.04 

2.63 

0.08 

0.42 

0.04 

0.48 

0.03 

110 

4.37 

77.28 

0.14 

11.92 

0.05 

2.09 

0.04 

3.49 

0.05 

1.34 

0.04 

2.70 

0.08 

0.40 

0.04 

0.51 

0.03 

111 

4.66 

77.14 

0.14 

11.96 

0.06 

2.11 

0.04 

3.42 

0.05 

1.36 

0.04 

2.81 

0.08 

0.44 

0.04 

0.46 

0.02 

112 

4.95 

77.09 

0.14 

12.04 

0.06 

2.12 

0.04 

3.46 

0.05 

1.38 

0.04 

2.77 

0.08 

0.41 

0.04 

0.47 

0.02 
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581 

113 

5.24 76.83 

0.14 

12.14 

0.06 

2.10 

0.04 

3.42 

0.05 

1.39 

0.04 

2.92 

0.09 

0.38 

0.04 

0.49 

0.03 

114 

5.53 76.73 

0.14 

12.18 

0.06 

2.13 

0.04 

3.49 

0.05 

1.39 

0.04 

2.88 

0.09 

0.38 

0.04 

0.49 

0.03 

115 

5.83 76.64 

0.14 

12.30 

0.06 

2.12 

0.04 

3.45 

0.05 

1.40 

0.04 

2.94 

0.09 

0.39 

0.04 

0.50 

0.03 

116 

6.12 76.71 

0.14 

12.33 

0.06 

2.07 

0.04 

3.47 

0.05 

1.39 

0.04 

2.79 

0.08 

0.43 

0.04 

0.51 

0.03 

117 

6.41 76.50 

0.14 

12.39 

0.06 

2.09 

0.04 

3.46 

0.05 

1.43 

0.04 

2.89 

0.09 

0.46 

0.04 

0.52 

0.03 

118 

6.70 76.32 

0.14 

12.49 

0.06 

2.11 

0.04 

3.47 

0.05 

1.48 

0.04 

2.88 

0.09 

0.46 

0.04 

0.51 

0.03 

119 

6.99 76.25 

0.14 

12.52 

0.06 

2.13 

0.04 

3.48 

0.05 

1.47 

0.04 

2.90 

0.09 

0.43 

0.04 

0.53 

0.03 

120 

7.28 76.16 

0.14 

12.60 

0.06 

2.16 

0.04 

3.49 

0.05 

1.44 

0.04 

2.91 

0.09 

0.44 

0.04 

0.53 

0.03 

121 

7.57 76.02 

0.14 

12.69 

0.06 

2.18 

0.04 

3.49 

0.05 

1.47 

0.04 

2.94 

0.09 

0.42 

0.04 

0.51 

0.03 

122 

7.87 75.87 

0.14 

12.68 

0.06 

2.15 

0.04 

3.53 

0.05 

1.48 

0.04 

3.08 

0.09 

0.39 

0.04 

0.53 

0.03 

123 

8.16 75.82 

0.14 

12.75 

0.06 

2.17 

0.04 

3.52 

0.05 

1.51 

0.05 

3.01 

0.09 

0.38 

0.04 

0.55 

0.03 

124 

8.45 75.66 

0.14 

12.83 

0.06 

2.15 

0.04 

3.54 

0.05 

1.57 

0.05 

3.00 

0.09 

0.42 

0.04 

0.54 

0.03 

125 

8.74 75.59 

0.14 

12.87 

0.06 

2.16 

0.04 

3.53 

0.05 

1.54 

0.05 

3.02 

0.09 

0.45 

0.04 

0.54 

0.03 

126 

9.03 75.52 

0.14 

12.88 

0.06 

2.16 

0.04 

3.55 

0.05 

1.60 

0.05 

2.98 

0.09 

0.46 

0.05 

0.54 

0.03 

127 

9.32 75.29 

0.14 

13.01 

0.06 

2.21 

0.04 

3.51 

0.05 

1.56 

0.05 

3.13 

0.09 

0.46 

0.05 

0.55 

0.03 

128 

9.61 75.32 

0.14 

13.05 

0.06 

2.19 

0.04 

3.54 

0.05 

1.58 

0.05 

3.04 

0.09 

0.42 

0.04 

0.55 

0.03 

129 

9.90 75.11 

0.14 

13.13 

0.06 

2.18 

0.04 

3.56 

0.05 

1.58 

0.05 

3.10 

0.09 

0.47 

0.05 

0.51 

0.03 

130 

10.20 75.20 

0.14 

13.13 

0.06 

2.18 

0.04 

3.54 

0.05 

1.59 

0.05 

3.14 

0.09 

0.41 

0.04 

0.51 

0.03 

131 

10.49 75.15 

0.14 

13.20 

0.06 

2.16 

0.04 

3.54 

0.05 

1.59 

0.05 

3.08 

0.09 

0.44 

0.04 

0.54 

0.03 

132 

10.78 74.94 

0.14 

13.28 

0.06 

2.21 

0.04 

3.54 

0.05 

1.60 

0.05 

3.10 

0.09 

0.45 

0.04 

0.58 

0.03 

133 

11.07 74.85 

0.14 

13.30 

0.06 

2.24 

0.04 

3.55 

0.05 

1.62 

0.05 

3.09 

0.09 

0.48 

0.05 

0.55 

0.03 

134 

11.36 74.79 

0.14 

13.38 

0.06 

2.25 

0.04 

3.54 

0.05 

1.64 

0.05 

3.07 

0.09 

0.45 

0.04 

0.54 

0.03 

135 

11.65 74.76 

0.14 

13.38 

0.06 

2.20 

0.04 

3.53 

0.05 

1.63 

0.05 

3.21 

0.10 

0.43 

0.04 

0.57 

0.03 

136 

11.94 74.69 

0.14 

13.43 

0.06 

2.24 

0.04 

3.55 

0.05 

1.67 

0.05 

3.08 

0.09 

0.43 

0.04 

0.57 

0.03 

137 

12.23 74.67 

0.14 

13.42 

0.06 

2.22 

0.04 

3.55 

0.05 

1.71 

0.05 

3.15 

0.09 

0.44 

0.04 

0.57 

0.03 

138 

12.53 74.63 

0.14 

13.46 

0.06 

2.21 

0.04 

3.55 

0.05 

1.70 

0.05 

3.08 

0.09 

0.44 

0.04 

0.57 

0.03 

139 

12.82 74.37 

0.14 

13.46 

0.06 

2.26 

0.04 

3.56 

0.05 

1.68 

0.05 

3.28 

0.10 

0.51 

0.05 

0.56 

0.03 

140 

13.11 74.57 

0.14 

13.51 

0.06 

2.22 

0.04 

3.55 

0.05 

1.63 

0.05 

3.15 

0.09 

0.49 

0.05 

0.58 

0.03 

141 

13.40 74.52 

0.14 

13.50 

0.06 

2.23 

0.04 

3.58 

0.05 

1.65 

0.05 

3.13 

0.09 

0.49 

0.05 

0.58 

0.03 

142 

13.69 74.61 

0.14 

13.49 

0.06 

2.21 

0.04 

3.57 

0.05 

1.60 

0.05 

3.16 

0.09 

0.49 

0.05 

0.58 

0.03 

143 

13.98 74.55 

0.14 

13.52 

0.06 

2.21 

0.04 

3.58 

0.05 

1.60 

0.05 

3.22 

0.10 

0.47 

0.05 

0.53 

0.03 

144 

14.27 74.53 

0.14 

13.48 

0.06 

2.22 

0.04 

3.55 

0.05 

1.65 

0.05 

3.27 

0.10 

0.46 

0.05 

0.55 

0.03 

145 

14.56 74.27 

0.14 

13.49 

0.06 

2.27 

0.04 

3.59 

0.05 

1.67 

0.05 

3.30 

0.10 

0.48 

0.05 

0.61 

0.03 

146 

14.86 74.25 

0.14 

13.54 

0.06 

2.25 

0.04 

3.62 

0.05 

1.70 

0.05 

3.24 

0.10 

0.52 

0.05 

0.59 

0.03 

147 

15.15 74.21 

0.14 

13.58 

0.06 

2.25 

0.04 

3.64 

0.05 

1.63 

0.05 

3.24 

0.10 

0.52 

0.05 

0.61 

0.03 

148 

15.44 74.27 

0.14 

13.56 

0.06 

2.24 

0.04 

3.64 

0.05 

1.65 

0.05 

3.25 

0.10 

0.47 

0.05 

0.58 

0.03 

149 

15.73 74.38 

0.14 

13.56 

0.06 

2.27 

0.04 

3.63 

0.05 

1.66 

0.05 

3.20 

0.10 

0.47 

0.05 

0.56 

0.03 

150 

16.02 74.41 

0.14 

13.55 

0.06 

2.27 

0.04 

3.62 

0.05 

1.65 

0.05 

3.18 

0.10 

0.47 

0.05 

0.59 

0.03 

151 

16.31 74.36 

0.14 

13.62 

0.06 

2.22 

0.04 

3.66 

0.05 

1.61 

0.05 

3.18 

0.10 

0.45 

0.04 

0.59 

0.03 

152 

16.60 74.39 

0.14 

13.60 

0.06 

2.24 

0.04 

3.59 

0.05 

1.60 

0.05 

3.20 

0.10 

0.45 

0.04 

0.61 

0.03 

153 

16.90 74.33 

0.14 

13.62 

0.06 

2.26 

0.04 

3.61 

0.05 

1.60 

0.05 

3.22 

0.10 

0.47 

0.05 

0.59 

0.03 

154 

17.19 74.26 

0.14 

13.63 

0.06 

2.27 

0.04 

3.67 

0.05 

1.62 

0.05 

3.22 

0.10 

0.43 

0.04 

0.59 

0.03 

155 

17.48 74.27 

0.14 

13.60 

0.06 

2.27 

0.04 

3.61 

0.05 

1.58 

0.05 

3.30 

0.10 

0.44 

0.04 

0.58 

0.03 

156 

17.77 74.29 

0.14 

13.57 

0.06 

2.25 

0.04 

3.63 

0.05 

1.65 

0.05 

3.33 

0.10 

0.45 

0.04 

0.56 

0.03 

157 

18.06 74.26 

0.14 

13.61 

0.06 

2.24 

0.04 

3.67 

0.05 

1.66 

0.05 

3.21 

0.10 

0.47 

0.05 

0.57 

0.03 

158 

18.35 74.32 

0.14 

13.64 

0.06 

2.24 

0.04 

3.59 

0.05 

1.61 

0.05 

3.19 

0.10 

0.48 

0.05 

0.60 

0.03 

159 

18.64 74.29 

0.14 

13.65 

0.06 

2.20 

0.04 

3.62 

0.05 

1.59 

0.05 

3.26 

0.10 

0.49 

0.05 

0.59 

0.03 

160 

18.93 74.22 

0.14 

13.68 

0.06 

2.29 

0.04 

3.60 

0.05 

1.60 

0.05 

3.25 

0.10 

0.49 

0.05 

0.59 

0.03 

161 

19.23 74.15 

0.14 

13.68 

0.06 

2.21 

0.04 

3.66 

0.05 

1.59 

0.05 

3.35 

0.10 

0.49 

0.05 

0.57 

0.03 

162 

19.52 74.06 

0.14 

13.63 

0.06 

2.23 

0.04 

3.70 

0.05 

1.63 

0.05 

3.35 

0.10 

0.48 

0.05 

0.61 

0.03 

163 

19.81 74.31 

0.14 

13.64 

0.06 

2.26 

0.04 

3.60 

0.05 

1.57 

0.05 

3.25 

0.10 

0.45 

0.04 

0.60 

0.03 

164 

20.10 74.22 

0.14 

13.70 

0.06 

2.26 

0.04 

3.57 

0.05 

1.60 

0.05 

3.31 

0.10 

0.45 

0.04 

0.58 

0.03 

165 

20.39 74.33 

0.14 

13.66 

0.06 

2.33 

0.05 

3.65 

0.05 

1.58 

0.05 

3.14 

0.09 

0.44 

0.04 

0.59 

0.03 

166 

20.68 74.39 

0.14 

13.69 

0.06 

2.27 

0.04 

3.64 

0.05 

1.56 

0.05 

3.13 

0.09 

0.50 

0.05 

0.57 

0.03 

167 

20.97 74.40 

0.14 

13.62 

0.06 

2.26 

0.04 

3.61 

0.05 

1.59 

0.05 

3.16 

0.09 

0.50 

0.05 

0.61 

0.03 

168 

21.27 74.27 

0.14 

13.66 

0.06 

2.24 

0.04 

3.65 

0.05 

1.62 

0.05 

3.22 

0.10 

0.47 

0.05 

0.60 

0.03 

169 

21.56 74.22 

0.14 

13.55 

0.06 

2.23 

0.04 

3.69 

0.05 

1.58 

0.05 

3.31 

0.10 

0.49 

0.05 

0.62 

0.03 

170 

21.85 74.26 

0.14 

13.58 

0.06 

2.24 

0.04 

3.69 

0.05 

1.60 

0.05 

3.26 

0.10 

0.51 

0.05 

0.58 

0.03 

171 

22.14 74.28 

0.14 

13.64 

0.06 

2.28 

0.04 

3.64 

0.05 

1.56 

0.05 

3.22 

0.10 

0.50 

0.05 

0.57 

0.03 

172 

22.43 74.34 

0.14 

13.62 

0.06 

2.29 

0.04 

3.64 

0.05 

1.57 

0.05 

3.13 

0.09 

0.51 

0.05 

0.59 

0.03 
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Appendix K 

NanoSIMS interface scans 


235 U/ /238 U) (23 5U + 238^/30^ (23 5u + 238^/42^ ratiog traverse s aCIOSS Compositional 
interfaces extracted using from NanoSIMS isotope ratio raster images using L’lmage SIMS 
image processing software. Ratios have been corrected for fractionation. Despite the ob¬ 
served enrichment of Si02 at Si interfaces and near some CaMgFe interfaces, the relative 
enrichment in Si0 2 is usually <10% (as discussed in Chapter 8), so the U/ 30 Si ratio serves as 
a proxy for the change in U concentration at the interface. Included interfaces are U1B.L (an 
interior agglomerate with a Si interface), FLD14.L (an exterior agglomerate with a CaMgFe 
interface), FLD23.L (an exterior agglomerate with a Si interface), FLD4.3.3 (an interior 
agglomerate with a Si interface), and FLD10.L (a double-layered interface with overlaying 
CaMgFe and Si interfaces). How linear traverses across 

interfaces using NanoSIMS isotope ratio images arc extracted and processed are discussed 
in Chapter 9. 
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U1B.L 


Table K.l: Isotope ratios of a linear traverse across the Si interface U1B.L (beginning in U1B.L and ending in 
the host U1B) extracted from NanoSIMS rasters using L’image. The location of the interface is [highlighted 
and was identified by visual inspection and the location of the U/ 42 Ca maximum (caused by a 
depletion in Ca and invariability in the 235 U/ 238 U ratio across the interface). Uncertainties are 2a. 


Index 

Position (//m) 

235 /238jj 

2a 

U/ 30 Si 

2cr 

U/ 42 Ca 

2cr 

1 

0.00 

8.06 

0.44 

1.99E-04 

5.80E-05 

6.47E-02 

3.80E-03 

2 

1.09 

7.43 

0.37 

1.98E-04 

5.77E-05 

6.72E-02 

3.92E-03 

3 

2.18 

8.91 

0.50 

1.91E-04 

5.57E-05 

6.93E-02 

4.06E-03 

4 

3.27 

8.95 

0.57 

1.78E-04 

5.22E-05 

6.75E-02 

4.03E-03 

5 

4.36 

8.22 

0.50 

1.68E-04 

4.90E-05 

6.74E-02 

4.02E-03 

6 

5.45 

7.64 

0.44 

1.68E-04 

4.91E-05 

7.21E-02 

4.29E-03 

7 

6.54 

7.10 

0.46 

1.50E-04 

4.38E-05 

7.15E-02 

4.36E-03 

8 

7.63 

9.02 

0.63 

1.42E-04 

4.14E-05 

7.72E-02 

4.69E-03 

9 

8.72 

9.42 

0.68 

1.23E-04 

3.59E-05 

8.10E-02 

4.92E-03 

10 

9.81 

8.63 

0.65 

1.17E-04 

3.43E-05 

9.77E-02 

6.05E-03 

11 

10.90 

8.19 

0.58 

1.14E-04 

3.35E-05 

1.15E-01 

7.09E-03 

12 

11.99 

8.13 

0.53 

1.20E-04 

3.50E-05 

1.27E-01 

7.67E-03 

13 

13.08 

8.54 

0.61 

1.12E-04 

3.27E-05 

1.09E-01 

6.70E-03 

14 

14.17 

6.83 

0.46 

1.10E-04 

3.21E-05 

9.18E-02 

5.68E-03 

15 

15.26 

6.86 

0.41 

1.17E-04 

3.42E-05 

8.27E-02 

4.99E-03 

16 

16.35 

7.48 

0.47 

1.15E-04 

3.36E-05 

7.20E-02 

4.35E-03 

17 

17.44 

6.03 

0.35 

1.19E-04 

3.48E-05 

6.75E-02 

4.09E-03 

18 

18.53 

7.62 

0.44 

1.12E-04 

3.28E-05 

5.98E-02 

3.55E-03 

19 

19.61 

7.38 

0.47 

1.06E-04 

3.10E-05 

5.42E-02 

3.29E-03 
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235 U 16 0/ 42 Ca 



64 px x 64 px (20 pm x 20 pm) raster 

20 px (6.25 pm) linewidth for interface traverse 


Figure K.l: Location and smoothing width of the linear traverse across the Si interface of U1B.L (interior 
agglomerate) extracted from NanoSIMS raster analyses (shown overlaid with the 235 U 16 0/ 42 Ca isotope ratio 
image). The dimensions of the NanoSIMS raster are 20 /an x 20 pm with a resolution of 64 px x 64 px. 
The extracted traverse has a smoothing width of 20 pixels (6.25 pm) wide and begins in U1B.L (bottom 
right of the image), traverses the interface, and ends in the host U1B.L (top left of the image). 
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FLD14.L 


Table K.2: Isotope ratios of a linear traverse across the CaMgFe interface of FLD14.L (beginning in FLD14.L 
and ending in the host FLD14) extracted from NanoSIMS rasters using L’image. The location of the interface 
is MS Milffl^dg i£fivel'Iby( and was identified by visual inspection and the location of the 235 U/ 238 U, U/ 30 Si, 
and U/ 42 Ca maxima, which are coincident. Uncertainties are 2cr. 


Index 

Position (//m) 

235 /238jj 

2a 

U/ 30 Si 

2cr 

U/ 42 Ca 

2cr 

1 

0.00 

3.01 

0.28 

1.03E-04 

1.71E-05 

2.38E-02 

2.22E-03 

2 

0.79 

2.94 

0.24 

1.27E-04 

2.07E-05 

2.91E-02 

2.61E-03 

3 

1.57 

4.54 

0.48 

1.14E-04 

1.88E-05 

2.53E-02 

2.31E-03 

4 

2.36 

3.98 

0.39 

1.20E-04 

1.97E-05 

2.50E-02 

2.27E-03 

5 

3.15 

3.75 

0.37 

1.11E-04 

1.83E-05 

2.13E-02 

1.96E-03 

6 

3.94 

4.60 

0.46 

1.19E-04 

1.94E-05 

2.07E-02 

1.84E-03 

7 

4.72 

4.45 

0.43 

1.17E-04 

1.90E-05 

1.82E-02 

1.62E-03 

8 

5.51 

4.76 

0.36 

1.71E-04 

2.71E-05 

2.37E-02 

1.93E-03 

9 

6.30 

4.84 

0.30 

2.36E-04 

3.71E-05 

3.09E-02 

2.43E-03 

10 

7.08 

5.49 

0.34 

2.56E-04 

4.01E-05 

3.18E-02 

2.46E-03 

11 

7.87 

5.41 

0.43 

1.86E-04 

2.96E-05 

2.02E-02 

1.64E-03 

12 

8.66 

4.59 

0.44 

9.82E-05 

1.60E-05 

1.07E-02 

9.47E-04 
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235 U 16 0/ 42 Ca 



64 px x 64 px (15 (jm x 15 pm) raster 
7 px (1.64 pm) width for interface traverse 


Figure K.2: Location and smoothing width of the linear traverse across the CaMgFe interface of FLD14.L 
(exterior agglomerate) extracted from NanoSIMS raster analyses (shown overlaid with the 235 U 16 0/ 42 Ca 
isotope ratio image). The dimensions of the NanoSIMS raster are 15 //m x 15 /mi with a resolution of 64 px 
x 64 px. The extracted traverse has a smoothing width of 7 pixels (1.65 pm) wide and begins in FLD14.L 
(right side of the image), traverses the interface, and ends in the host FLD14 (bottom left corner of the 
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FLD23.L 


Table K.3: Isotope ratios of a linear traverse across the Si interface of FLD23.L (beginning in FLD23.L and 
ending in the host FLD23) extracted from NanoSIMS rasters using L’image. The location of the interface is 
ltj gI)jiig\Tc^ljin s ' ; \(-'1jj^\s, J md w as identified by visual inspection and the location of the U/ 30 Si minimum (which 
is approximately coincident with the U/ 42 Ca minimum). Uncertainties are 2cr. 


Index 

Position (n m) 

235 j 238jj 

2a 

U/ 30 Si 

2cr 

U/ 42 Ca 

2cr 

1 

0.00 

3.70 

0.16 

1.29E-04 

3.76E-05 

2.00E-02 

1.19E-03 

2 

0.69 

4.01 

0.17 

1.46E-04 

4.26E-05 

2.17E-02 

1.28E-03 

3 

1.38 

3.90 

0.15 

1.65E-04 

4.82E-05 

2.42E-02 

1.41E-03 

4 

2.07 

3.62 

0.14 

1.60E-04 

4.68E-05 

2.30E-02 

1.35E-03 

5 

2.76 

3.72 

0.14 

1.62E-04 

4.73E-05 

2.31E-02 

1.35E-03 

6 

3.45 

3.67 

0.14 

1.69E-04 

4.94E-05 

2.44E-02 

1.42E-03 

7 

4.14 

4.05 

0.16 

1.58E-04 

4.62E-05 

2.33E-02 

1.36E-03 

8 

4.84 

3.28 

0.13 

1.38E-04 

4.03E-05 

2.12E-02 

1.25E-03 

9 

5.53 

4.04 

0.19 

1.14E-04 

3.34E-05 

1.91E-02 

1.14E-03 

10 

6.22 

3.59 

0.18 

8.82E-05 

2.58E-05 

1.64E-02 

1.00E-03 

11 

6.91 

4.60 

0.26 

7.68E-05 

2.25E-05 

1.63E-02 

1.01E-03 

12 

7.60 

5.51 

0.34 

7.07E-05 

2.07E-05 

1.71E-02 

1.06E-03 

13 

8.29 

4.76 

0.25 

7.49E-05 

2.19E-05 

2.28E-02 

1.38E-03 

14 

8.98 

5.90 

0.32 

8.57E-05 

2.51E-05 

2.60E-02 

1.55E-03 

15 

9.67 

7.03 

0.35 

9.98E-05 

2.92E-05 

3.35E-02 

1.96E-03 

16 

10.36 

5.79 

0.25 

1.35E-04 

3.96E-05 

3.63E-02 

2.11E-03 

17 

11.05 

5.97 

0.25 

1.48E-04 

4.32E-05 

3.73E-02 

2.14E-03 

18 

11.74 

5.88 

0.24 

1.71E-04 

5.01E-05 

3.97E-02 

2.28E-03 

19 

12.43 

5.84 

0.23 

1.72E-04 

5.01E-05 

3.89E-02 

2.24E-03 
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235 U 16 0/ 42 Ca 
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Figure K.3: Location and smoothing width of the linear traverse across the Si interface of FLD23.L extracted 
from NanoSIMS raster analyses (shown overlaid with the 235 U 16 0/ 42 Ca isotope ratio image). The dimensions 
of the NanoSIMS raster are 15 /zm x 15 /zm with a resolution of 64 px x 64 px. The extracted traverse has 
a smoothing width of 40 pixels (~9.38 /rin) wide and begins in FLD23.L (top of the image), traverses the 
interface, and ends in the host FLD23 (bottom of image). There is an uncharacterized surface agglomerate 
visible in the bottom left of the image. 
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FLD4.3.3 


Table K.4: Isotope ratios of a linear traverse across the Si interface of FLD4.3.3 (beginning in FLD4.3.3 and 
ending in the host FLD4.3) extracted from NanoSIMS rasters using L’image. The location of the interface 
is hi^alighJgdl;ip^eir<% and was identified by visual inspection and the location of the U/ 42 Ca maximum, 
due to the slight depletion of Ca at the interface. Uncertainties are 2 a. 


Index 

Position (n m) 

235 j 238jj 

2(7 

U/ 30 Si 

2(7 

U/ 42 Ca 

2(7 

1 

0.00 

10.08 

0.76 

1.83E-04 

5.36E-05 

1.03E-01 

6.30E-03 

2 

0.97 

9.79 

0.71 

2.08E-04 

6.08E-05 

1.16E-01 

7.03E-03 

■ 3 

1.95 

9.46 

0.67 

2.18E-04 

6.39E-05 

1.21E-01 

7.33E-03 

4 

2.92 

9.17 

0.67 

2.08E-04 

6.10E-05 

1.16E-01 

7.10E-03 

5 

3.89 

10.16 

0.79 

2.04E-04 

5.98E-05 

1.14E-01 

6.98E-03 

6 

4.87 

7.97 

0.57 

2.04E-04 

5.96E-05 

1.09E-01 

6.74E-03 

7 

5.84 

9.20 

0.68 

2.17E-04 

6.35E-05 

1.11E-01 

6.81E-03 

8 

6.81 

9.37 

0.72 

2.03E-04 

5.94E-05 

9.83E-02 

6.07E-03 

9 

7.79 

7.89 

0.58 

1.97E-04 

5.76E-05 

8.74E-02 

5.44E-03 

10 

8.76 

8.26 

0.62 

1.98E-04 

5.81E-05 

8.16E-02 

5.06E-03 

11 

9.73 

7.09 

0.51 

1.91E-04 

5.60E-05 

7.34E-02 

4.58E-03 

12 

10.71 

9.34 

0.74 

1.87E-04 

5.47E-05 

6.71E-02 

4.17E-03 

13 

11.68 

6.45 

0.44 

1.91E-04 

5.61E-05 

6.54E-02 

4.07E-03 

14 

12.65 

6.85 

0.46 

1.94E-04 

5.67E-05 

6.40E-02 

3.96E-03 

15 

13.62 

6.59 

0.44 

1.86E-04 

5.45E-05 

5.94E-02 

3.68E-03 
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Figure K.4: Location and smoothing width of the linear traverse across the Si interface of FLD4.3.3 extracted 
from NanoSIMS raster analyses (shown overlaid with the 235 U 16 0/ 42 Ca isotope ratio image). The dimensions 
of the NanoSIMS raster are 15 /zm x 15 /zm with a resolution of 64 px x 64 px. The extracted traverse has 
a smoothing width of 17 pixels (~4 /zm) wide and begins in FLD4.3.3 (top left of the image), traverses the 
interface, and ends in the host FLD4.3 (bottom right of the image). 
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FLD10.L 


Table K.5: Isotope ratios of a linear traverse across the double-layered CaMgFe and Si interface of FLD10.L 
(beginning in CaMgFe interface and ending in the host FLD10.L) extracted from NanoSIMS rasters using 
L’image. The location of the interfaces are and was identified by visual inspection and 

the location of the U/ 30 Si maximum (for the CaMgFe interface, which appears first) and minimum (for the 
Si interface). Uncertainties are 2 a. 


Index 

Position (n m) 

235 /238jj 

2(7 

U/ 30 Si 

2(7 

U/ 42 Ca 

2(7 

1 

0.00 

7.95 

0.41 

1.49E-04 

2.31E-05 

3.17E-02 

2.35E-03 

■ 2 

0.71 

7.77 

0.39 

1.55E-04 

2.41E-05 

3.33E-02 

2.46E-03 

3 

1.43 

7.81 

0.40 

1.46E-04 

2.26E-05 

3.18E-02 

2.35E-03 

4 

2.14 

9.17 

0.51 

1.39E-04 

2.16E-05 

3.05E-02 

2.26E-03 

5 

2.85 

8.79 

0.52 

1.20E-04 

1.87E-05 

2.70E-02 

2.02E-03 

6 

3.57 

8.69 

0.54 

1.09E-04 

1.70E-05 

2.57E-02 

1.92E-03 

■ ^ 

4.28 

8.70 

0.59 

8.90E-05 

1.39E-05 
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Figure K.5: Location and smoothing width of the linear traverse across the CaMgFe and Si interface of 
FLD10.L extracted from NanoSIMS raster analyses (shown overlaid with the 235 U 16 0/ 42 Ca and 235 U 16 O/ 30 Si 
isotope ratio images). The dimensions of the NanoSIMS raster are 15 pm x 15 pm with a resolution of 64 
px x 64 px. The extracted traverse has a smoothing width of 25 pixels (~5.86 pm) wide and begins in the 
CaMgFe interface (top right of the image), traverses the Si interface, and ends in the host FLD10 (bottom 
left of the image). 



